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Foreword

Since Congress established the Development Fund This research report is a synthesis of earlier country
for Africa (DFA) in 1987, the U.S. Agency for Inter- case studies (Burkina Faso, Rwanda, Senegal, and Zim-
national Development (USAID) has been challenged tbabwe). Case study reports provide specific recom-
scrutinize the effectiveness and impact of its projectsnendations per country. The general implications of
in Africa and make needed adjustments to improve itthis synthesis are as follows. (Raising improved
development assistance programs. At the same timmput use for sustainable intensification is cruci@)
structural adjustment reforms have been adopted bgtrategies to raise farm productivity will need to dif-
many sub-Saharan African countries with some sigfer, however, between favorable and unfavorable
nificant progress in market liberalization. agroclimatic zoneq3) The environment and the farm

As donor agencies face severe cutbacks and r@roductivity agendas should be linkgd) The off-
structuring, and less assistance becomes available firm employment and the farm productivity agendas
developing countries (not just in sub-Saharan Africa)should be linked(5) Cash cropping programs spur
new ways must be found to channel declining resourcgeroductivityby providing cash to buy improved inputs,
to their most effective and productive uses. The USAICand depending how they are organized, increasing ac-
Africa Bureau’s Office of Sustainable Development,cess from the supply side to improved inputs and to low-
Productive Sector Growth and Environment Divisionrisk output marketing opportunities.

(AFR/SD/PSGE), has been analyzing the Agency’s Thisreportis important for USAID field missions,
approach to the agricultural sector in light of the DFAthe Senegalese public and private sectors, and many
and the experience of recent policy reform programsthers in Africa, providing insights, ideas, and ap-
in sub-Saharan African countries. proaches to food security strategies and agricultural

For African agricultural productivity to improve, sector activities.
governments and donors must invest in programs and
policies that will improve the incentives and capacityDavid A. Atwood, Chief
of farmers to increase farm productivity and soil fer-Productive Sector Growth and Environment Division
tility while protecting the environment. With rapid popu- Office of Sustainable Development
lation growth, agriculture must rapidly intensify if Af- Bureau for Africa
rican farmers are to meet the rapid growth in demand.S. Agency for International Development
for food and fiber.
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Executive Summary

BACKGROUND: Over the past two decades,
many cropping systems in Africa have been in a major
transition—from land-abundant to land-constrainedb.
Pressure to produce more from less and lower quality
land has increased soil degradation. Yields of many major
staple crops have fallen or stagnated. Rural households
have diversified incomes into noncropping activities,
and farming has become increasingly linked to thel.
market economy. Structural adjustment programs have
cut fertilizer subsidies and farm-support services, but
have increased incentives for export crop production.

OBJECTIVES: The bulk of studies on farm pro- I
ductivity were done in the 1960s and 1970s before land
became constraining. Our understanding of Africanl-
farm productivity needs to be updated to see how farm-
ers are responding to recent changes—policy, eco-
nomic, and environ-mental. We aim in this report to
“dig below” aggregate trends to uncover differences
in patterns and determinants of productivity over agro-
climatic zones, types of technology, degrees of environ-
mental degradation, and levels of improved inputs. The
report synthesizes studies in four countries. The Bur-
kina Faso, Rwanda, and Senegal studies use detailed
farm-survey data from the past decade. The Zimba-
bwe study uses aggregate data from the past two de-
cades which is stratified by farm type (commercial and
smallholder).

FINDINGS

I.  Productivity Patterns

Rates of growth in yields (output per hectare) and re-
turns per labor day were generally low in the four study
countries but differed by crop, zone, technology, and
farm size, providing some success stories.

a. Yields increased for government-promoted cash
crops in Burkina Faso (cotton and maize) and in
Rwanda (maize, wheat, and soybeans). Total fac-
tor productivity of smallholder maize in Zimbabwe

grew over 1980-1986, then fell when government
support was cut.

By contrast, yields were stagnant or declined for
many subsistence staples, such as millet in Burkina
Faso and Senegal or tubers in Rwanda.

Yields in more favorable agroclimatic zones were
2 to 3 times greater than those in poorer zones.
Large swings in yields occurred between years of
good and bad rainfall in the semi-arid zones, mak-
ing farming very risky and analysis of longitudinal
trends very sensitive to years covered.

Productivity Determinants

Fertilizer

a. Farmer-managed trials in Senegal show physi-

cal response and profitability (but also riski-

ness) of fertilizer use. Survey data from Bur-
kina Faso show positive fertilizer impacts on
crop output.

b. Observed fertilizer use varied widely by zone
and crop (from under 10 to over 110 kg/ha,
compared with an African average of 8 kg/ha).
Greatest use was in higher rainfall areas, on
cash crops, where parastatal agencies handled
distribution, credit, marketing and credit re-
covery, and where households had more non-
cropping income.

c. The elimination of credit and fertilizer subsi-
dies and a switch from government to private-
sector distribution (decreasing the area served)
reduced fertilizer use in the study countries.
In Senegal, fertilizer use on peanuts went
from 38,000 tons in 1976 to 3,000 tons in
1988. Overall consumption of fertilizer went
from 75,000 tons in 1980/81 (roughly its av-
erage in the 1970s) to 27,100 tons in 1985/
86, 19,900 in 1986/87, and 22,400 in 1987/
88. Farmers used much of the fertilizer on
cotton, irrigated rice, and vegetables, i.e.,
where subsidies and credit remain (cotton) or
where water is controlled (rice, vegetables).



In Zimbabwe, elimination of fertilizer credit/sub-
sidy in the mid-1980s caused a decline in fertil-
izer use on hybrid maize by small farmers.

2. Seed

a.

The case studies in Senegal and Zimbabwe
point to seed as an important determinant of
productivity.

Plant-breeding programs have developed im-
proved cultivars that have increased produc-
tivity (hybrid maize in Zimbabwe) or main-
tained productivity in the face of worsening
environmental conditions (short-cycle peanuts

in Senegal). 4.

For seed to make its full contribution to pro-
ductivity, public and private sector institutions
must assure seed quality, availability, and
affordability, through both research and sup-
portive policies.

In Senegal, the government seed distribution
and credit programs have been cut back and
seed prices increased by structural adjustment
programs. The result was limited access to
seeds, a marked drop in use of peanut seed,
and a substantial acreage shift from peanuts
to millet (hence less nitrogen fixation by pea-
nuts).

Given previous constraints on the development
of private sector input supply networks and
rural financial markets, seed distribution in
Africa has tended to work better when a single
organization (1) provides seeds on credit in

conjunction with complementary inputs and 5

(2) recovers credit by controlling output mar-
keting (e.g., cotton and confectionery peanuts
in Senegal, and cotton in Burkina Faso). This
approach has tended to deal more effectively
with the problems of coordinating input de-
livery, credit, and output markets than more
decentralized and unintegrated networks found
in much of Africa. The integrated approach
has also tended to work better for cash crops
than for food crops, which have scattered,
small marketing outlets.

3. Animal traction

a.

The main effect of animal traction shown in
Africa to date has been to reduce field labor

inputs and facilitate area expansion (especially
on light soils), rather than to increase yields.
However, our case study in Burkina Faso
showed strong positive farm-level impacts of
animal traction on land productivity and labor
returns in cotton in the favorable agroclimates
as well as on supply responsiveness, effi-
ciency of resource allocation, and manure use.
Investment in animal traction is more likely for
households that have access to more land, earn
more noncropping income, and grow cash
crops.

Organic inputs and conservation investments

a. Practices that add organic matter to soil, con-

serve soil (prevent erosion) and help water
retention (e.g., bunds, tied ridges, terraces)
increase productivity by increasing soil mois-
ture and the effect of fertilizer. Conservation
investments are complementary with improved
input and organic matter. The effects can be
dramatic on the farms of the poor who are
struggling to survive in fragile environments.
In Rwanda, increasing soil conservation
investments (moving from “low” to “high”)
increased yields by 25 percent. By contrast,
moving from low to high erosion decreased
yields by 35 percent.

Investment in soil conservation is more likely
for farmers with smaller holdings (hence have
less ability to fallow), earn more noncropping
income, and grow cash crops.

Farm size and land tenure

a.

In Rwanda, land rental (as compared to own-
ership) discourages use of fertilizer, organic
matter, and soil conservation.

Smaller Rwandan farms, which had much
higher land productivity than did larger farms,
tended to have surplus labor. They also made
more soil conservation investments, though
they had similar levels of improved inputs per
hectare compared to larger farms.
Commercial farms in Zimbabwe tended to have
higher yields than smallholders, mainly because
of better access to improved inputs and bet-
ter land.



6. Noncropping income

a.

Noncropping income is an important indirect
determinant of productivity via its effect on
farm input acquisition and investments.
Noncropping income can increase purchased
inputs or capital investments where credit is
unavailable or costly to use, or where other
sources of cash income for loan repayment
are lacking.

Noncropping income helps pay for soil con-
servation investments, for which credit is
rarely available. Noncropping activities reduce
household income instability and help to re-

and use of fertilizer. The costs of these pro-
grams were high, however. Higher consumer
prices were increased due to grain movement
controls that forced the bulk of marketed grain
output into the State marketing channels and
onward into private large-scale milling (that
tends to make grain more expensive to con-
sumers than do alternative channels).

d. Nevertheless, in situations with poor farming
conditions, market proximity can act to pull
rural people out of farming and provide them
alternatives.

duce risk by diversifying income sources.

POLICY IMPLICATIONS AND

The poor tend to have less access to non_cro&iECOMMENDATIONS

ping jobs and less ability to start small busi-

nesses. This is worrisome because unequal

access to noncropping income translates int(§:ase study reports provide specific recommendations

unequal access to farm inputs in the face o
limited credit access.

Noncropping income generally is correlated
with improved input use (fertilizer and animal
traction in Burkina Faso and Senegal, peanut
seed in Senegal, and conservation investments
and fertilizer in Rwanda). Yet in some areas,

more noncropping activity is related to poorerz'

farm performance, with the latter pushing the
former.

7. Well-functioning input and output markets

a.

Markets are also an indirect determinant of
farm productivity as they affect profitability
of farming, outlets, and input access.
Well-functioning markets help farmers acquire
and use improved inputs and profitably sell
outputs by reducing transaction costs and

risks (e.g., from imperfect information or 3

price volatility due to a thin market). They also
assure that more benefits from improved pro-
ductivity will be passed on to consumers.
Parastatals assured vertical integration and
coordination functions (input supply, credit,
output marketing) for cotton (Senegal, Burkina
Faso), maize (Senegal), and coffee (Rwanda).

In Zimbabwe, government marketing depotsg_

and loans helped spur adoption of hybrid maize

Xi

per country. The general findings are as follows.

To improve long-term food security in Africa,
farmers must be able to pursue sustainable inten-
sification of farm production by use of improved
inputs. Use of fertilizer, organic inputs, animal trac-
tion, and conservation investments needs to rise
dramatically.

Strategies will need to differ, however, between
favorable and unfavorable agroclimatic zones. With
proper conditions, increased productivity can be
expected in the favorable zones. Expectations for
cropping intensification are more modest for the
agroclimatically unfavorable and fragile zones
where attention will need to be paid to alternative
income sources off-farm. This will promote food
security in the agroclimatically unfavorable zones
and increase effective demand for farm products
from favorable zones.

The environment and the farm productivity agen-
das are linked. Degradation and pressure on mar-
ginal lands cannot be halted without raising farm
productivity. Intensification of already-cultivated
land reduces pressure to crop fragile marginal
lands. Yet interventions to improve farm produc-
tivity must be accompanied by conservation invest-
ments.

Noncropping employment and the farm produc-
tivity agendas are linked. In many areas, non-



cropping income is a critical means to pay for farm
inputs and investments and achieve food security.
Moreover, much noncropping activity is linked to
the farm sector (downstream or up-stream). Mi-
cro-enterprise promotion programs that provide
rural employment while reducing the cost of farm
inputs and increasing the off-farm multipliers from
farm output growth are desirable.

The flip-side of this argument is that new crop-
ping technology proposed for farmer adoption must
not only be financially and economically profitable,
but also attractive relative to alternative uses of
household resources outside of cropping.
Cash-cropping programs spur productivity by pro-
viding cash for improved inputs. Depending on
how they are organized, they can increase access
(from the supply side) to improved inputs and to
low-risk output marketing.

Promotion of improved inputs will need to be in-
novative to be consistent with widespread fiscal
constraints and the goals of structural adjustment.

The upshot is that farm input costs must be
reduced without returning to generalized subsidies.
We advocate a “middle path” between fiscally
unsustainable government outlays and complete
government withdrawal from support to agricul-
ture. Policy reform (exchange and interest rate
policy, market liberalization) isecessary but not
sufficient to spur higher farm productivity. The
“middle path” addresses long-term structural prob-
lems via substantial public and private investment
in agricultural research, human capital, and pro-
duction and market infrastructure. Governments
and donors need to invest in understanding how
to promote the economic use of the tools of sus-
tainable intensification—fertilizer, animal traction,
organic inputs, water, and soil conservation.

Public investment should complement and
spur private investment on-farm, in the input dis-
tribution system, and in primary product process-
ing and distribution.

Thus the debate should be reopened on ident-ifying

Input use has traditionally been promoted in waysost-effective ways of increasing access to inputs,
that are not economically sustainable. Yet the reimproving the delivery of inputs, and helping farmers
duction of government programs and subsidiegind ways to earn cash income to pay for them. This
associated with structural adjustment appears teffort is especially appropriate in countries whose
have discouraged the use of fertilizer and improveanacroeconomic environment has become more favor-

seed by raising costs and reducing access.

able through structural adjustment. This should be a

priority policy issue in Africa in the 21st century.
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1. Introduction

In each of our four case-study countries (Burkina Fasd,.
Rwanda, Senegal, and Zimbabwe), and in many other
countries in Africa, governments view increasing and
sustaining agricultural productivity as a means to overall
growth, poverty reduction, and promotion of food
security. We seek here to assist policymakers in pur-
suing that goal by informing them of research results
concerning the determinants of farm productivity. What
increases it? What constrains it? What are the policy,
institutional, and technological approaches that can b2.
taken to improve it?

Current study of agricultural productivity must
build on the considerable edifice of studies on farm
management, farming systems, and rural economy in
the 1960s and 1970s that advanced our understanding
of the determinants of productivity in African agricul-
ture and the behavior of the rural househblthat 3.
work shows the benefits of using improved manage-
ment practices and inputs such as fertilizer, animal trac-
tion, and manure, and points to connections between
the farm and noncropping sectors, and the cropping
and livestock economies.

The physical, economic, and policy context of the4.
studies done in the 1960s and 1970s differed from the
present. Most rural Africans were subsistence farm-
ers producing for their own consumption and using few,
if any, purchased inputs. The exception was in cash
crop “pockets” such as the cotton zone in Burkina Faso,
the coffee areas in Rwanda, and the peanut zone in
Senegal. Input access was facilitated by these schemes,
and input prices kept low by direct or indirect subsidy
and public investment. African agriculture was vieweds.
as land-abundant and labor-constrained, so the focus
was on raising labor-yields and expanding cultivated
area, and on promoting a shift from subsistence to
commercial agriculture. 6.

In the 1980s and 1990s, however, there have been
fundamental changes in the rural economy and in the
economic, political, and social context of the rural ar-
eas. These changes are important to our study of pro-
ductivity. We briefly discuss these changes as follows.

Intensification:Land constraints have increased
in many areas of Africa formerly thought to be
land-abundant. Population density has risen, and
fallow periods have decreased. Approximately a
third of Sub-Saharan african countries can be
ranked as land-constrained (e.g., Rwanda,
Malawi), a third in transition (e.g., Burkina Faso,
Senegal, Zimbabwe), and a third still land-abun-
dant (e.g., Zaire).

Land degradationFarmland, commons, and open-
access areas have been degraded by water and
wind erosion, and nutrient loss through soil fatigue
from too much farming of the same land without
nutrient replacement. Bush and tree cover in the
commons and open-access areas has been reduced
by farmers and loggers.

Income diversificationNoncropping activity (in
wage employment and self-employment, both lo-
cally and in migration) by farm households appears
to have substantially increasgdfrican small-
holders are no longer “only farmers,” but rather
multisectoral firms.

Agricultural commercializationCash cropping

has increased. Although many rural households still
rely on home production for a large share of their
staple food supply, most now participate in the
monetized economy by selling crops and other
home-produced goods, by buying more food and
nonfood products in the market, and by earning a
substantial share of their income from noncropping
activities.

Urbanization The share of the population in ur-
ban areas (not just in capitals and/or large coastal
cities, but in small towns in rural areas) has greatly
increased.

Farm capital formation embodying technological
change Investment in animal traction equipment
has occurred, mainly in zones with rapidly com-
mercializing agriculture (Sanders, Shapiro, and
Ramaswamy 1996). However, farmers have made
little investment in small-scale irrigation and tube-



wells. To our knowledge, no systematic informa-in French-speaking West Africa (Lele, van de Walle,
tion is available on whether farmers have increasednd Gbetibouo 1989; Eicher 1995).
their soil conservation infrastructure; however,  Yet the picture has not been purely gloomy. The
some case studies show increases in these investudy countries, for example, experienggdwth in
ments to counter growing degradation. (For exyields of cash cropéof cotton and, to some extent, of
ample, for Burkina Faso, see Wright (1985) ormaize and peanuts). Some countries have developed
Sanders, Shapiro, and Ramaswamy (1996).) high-value non-traditional export crops such as horti-
7. Structural Adjustment Programs (SAPEXternal  cultural products in East Africa (see Jaffee and Morton
debt, rapidly increasing food imports, and fiscal1995).
deficits in the 1970s led to macroeconomic and ag-  Nevertheless, sweeping statements about agricul-
ricultural sector policy reforms in the 1980s andtural productivity based primarily on aggregate national
1990s in most African countries (including our casecrop production statistics are not enough to adequately
study countries). The SAPs included: (a) devaluainform policymakers about the state of African agri-
tion of currencies; (b) cuts in or privatization of cultural productivity or what policies, institutions, and
rural-service parastatals; (c) cuts in fertilizer andechnologies are needed to improve it. The transfer of
food subsidies; (d) cuts in programs for provisionattention to structural adjustment programs and to
of credit, farm equipment, seed, and fertilizer; andmprovement in macroeconomic indicators during the
(e) liberalization of markets. These policies had1980s was accompanied by an emphasis in research
mixed effects on agriculture. On the one hand, byn macro issues and away from the detailed farm man-
correcting “policy distortions” that undermined the agement studies typical of the 1960s and 1970s. Con-
profitability of tradeable crops, the reforms im- sequently, much of the recent analysis of agricultural
proved incentives. On the other hand, it appearproductivity relies on aggregate statistics. A necessary
that the private sector did not quickly fill the breachcomplement to that aggregate work is “digging below”
in input provision. When input costs rose, inputthe aggregate surface to examine how farm produc-
access declined in our study countries. tivity is determined—how policies, technologies, and
Collectively, however, the above changes do noinstitutions affect it, and how it varies over crops,
appear to be having a positive impact on the agriculzones, farm types. These insights will indicate where
tural sector. The rate of growth in farm land-yields inthere are successes, what led to the success, and what
many areas is below population growth rates (see Seniight be replicable elsewhere.
tion 4). In some countries, agricultural growth has stag- We use available household data to add a micro
nated and in others it is even negative; fertilizer use idimension to our understanding of factors that are ei-
stagnant or declining in many areas. Average yields faiher increasing or constraining agricultural productiv-
the mainlysubsistence graingvith marketed surplus ity across a broad spectrum of crops, agroclimatic
rates of around 10 percent, such as millet and sorghumpnes, and types of households. We then draw impli-
have stagnated. Population growth rate now exceedstions for policy to increase food security via increas-
the overall growth and the food output growth through4ing farm productivity. This study focuses on farm-level
out much of the continent. Many countries now im-productivity. Outside of our scope is the issue of how
port substantial quantities of staple fodddoreover, changes in farm-level productivity (and changes in
Africa has seen few Green Revolutions, particularly irpolicy to effect them) affect the rest of the economy.
food crops. Exceptions include relatively short-lived  The present document synthesizes results on pat-
successes in hybrid maize in Zimbabwe in the 1960terns and determinants of agricultural productivity from
for largeholders and in the first half of the 1980s forfour African case studies based mainly on primary data
smallholders, in Kenya in the 1960s, and in Malawicollected by the authors and collaborators. The case
Zambia, Zimbabwe, Nigeria, and Ghana in the 1980studies were undertaken in collaboration between MSU
to 1990s, cocoa in Ivory Coast and Ghana, and cottaand African research institutions to strengthen the



policy research capacity of those institutions. Studyhe case study contexts and the data used. Section 4
results have been the object of a series of outreach apdesents patterns in average factor productivity in the
policy discussions in the study countries and in regionatudy countries. Section 5 discusses findings concern-
fora (listed in the preface). Details of the methods anthg the key physical determinants of productivity (seed,
country-specific results are reported in the case studertilizer, land, labor, and animal traction) and condi-
documents available under separate cover, and includ¢éidning factors (markets, credit, noncropping income,
in the references to this report. and farm size) in the four case-study countries. Sec-

The report proceeds as follows. Section 2 distion 6 concludes with strategic, policy, and program
cusses definitions and methods. Section 3 describésiplications.






2. Concepts and Methods

“Input® productivity” is the output derived from the use Moreover, with the same conditions of economic
of a standard unit of an input. This ratio is conditionedationality and lack of constraints on inputs, the MVPs
by the technology and quantity and quality of all inputsof a given input should be equal across crops on a given
used. Farm productivity measures can be defined witfarm. If they are not equal, it could be because farm-
one to all crops in the numerator. When there is morers have input-access constraints (e.g., limits to the type
than one input, input quantities are aggregated usingr quality of land on which the farmer can grow cot-
prices as weights (e.g., with a Divisia index). When alton), or have nonoptimal behavior due to presence of
crops of the farm are in the numerator and all inputs inisk (e.g., safety-first behavior), or have an agronomic
the denominator, one has an index of “total factor proeonstraint (such as a rotation requirement). Then, for
ductivity” (TFP). When a single input is used (with oneexample, farmers might find that they could earn more
or more outputs) one has “partial factor productivity.”on each additional hectare if they could put the land
TFP calculation in many areas of Africa is constrainedinder maize or cotton. But they cannot because of limits
by missing input prices (from missing markets), espeen availability to the proper quality or type of land for
cially for land and manure and to a lesser extent focultivation of these crops. So farmers have to put the
labor (Kelly et al. 1995). extra land under millet and sorghum.

“Yield” is the average product of an input. Land- Calculation of marginal productivities requires es-
yield (labor-yield, or average return to labor) is thetimation of production functions or profit functions.
average output per unit of land (labor) used. “Marginallhe production function shows output as a function
input productivity” is the additional output (at the mar- of variable inputs (labor, manure, fertilizer) and quasi-
gin) produced by an extra unit of input used (e.g., hovixed and fixed inputs (tools, equipment, land), and
much millet an additional hectare of land will produce,conditioning factors such as rainfall and soil quality.
say beyond the average land used), conditioned by tl&iven an estimate from the function of the marginal
quality and quantity of inputs used. effect, e.g., labor on millet output, one can examine

To compare input productivities across goods or tdwow this marginal impact changes as conditioning fac-
aggregate over goods, productivities are commonly vakors and input levels change. For example, how much
ued at the output price. For example, the marginal prodnore productive is labor when fertilizer or animal trac-
uct of land, multiplied by the price of the good producedtion (AT) are used, or land quality is lower?
is the “marginal value product of land,” or land MVP. One can, in turn, ask what determines the input

In theory, if the producer is economically rational, use levels. The determinants can be context variables
and there is no constraint on the use of or access fuch as policies, technologies, and institutions, or other
inputs, the MVP of the input should equal the pecunihousehold characteristics such as education or partici-
ary factor price (which is termed “allocative effi- pation in the noncropping sector. For example, in
ciency”). If, however, the farmers’ access to the laBurkina Faso we studied what determined the adop-
bor market is constrained, or the farmers lackion of animal traction, then split the sample into trac-
complementary inputs, the MVP of labor can be betion users and nonusers. Then we examined how their
low the wage, indicating excess use of labor. Labor maland and labor productivity differed by estimating pro-
be “bottled up” on the farm. Or, if the MVP of seed isduction functions for each group. Thus, through the
above its price (because of constraints in access fwoduction function and input use functions, we traced
seed), that means that farmers could efficiently usbow price and nonprice variables, themselves influence-
more seed. If the constraint were removed, farmerable in part by policy, determine productivity levels.
would use more seed and the MVP of seed would de-
cline until it equaled the seed price.






3. Data, Countries, and Zones

Of the four case studies, three were in the semi-aridith rainfall variable and low on average (480 mm/year
tropics (Burkina Faso, Senegal, and Zimbabwe) anth the long-term, and 410 mm/year during the study
one is in the highland tropics (Rwanda). In the Burkingeriod, with a coefficient of variation in the study pe-
Faso, Rwanda, and Senegal studies, we used farm-levald of .60). Farmers mainly produce coarse grains for
panel data, with four, three, and two years of data, rdstome consumption and livestock for sale. These farm-
spectively. In the Zimbabwe study, we used aggregaters make little use of animal traction or fertilizer, and
data (for smallholder and large-holder groups), with 2@hey do not use irrigation. Households have (relative to
years of data. All the studies covered the main agrosther zones) substantial livestock holdings. Population
climatic zones in the countries. density on farm land is .92 hectares per adult equiva-
The authors and collaborators collected the farmlent. Soils are degraded and commons are disappear-
level data that constitute some of the most detailed panielg due to bush removal and erosion.
data sets in Africa. Data were collected frequently  The second zone is the Sudanian zone in the cen-
(weekly, fortnightly, or monthly depending on the vari-ter of Burkina Faso. The zone is poor agroclimatically,
able and the survey) during the study years. The suwith rainfall moderately variable and low on average
veys covered incomes (from farm and noncropping724 mm/year in the long-term, and 563 mm/year dur-
activities), production, prices, transactions, input useing the study period, with a coefficient of variation in
and other variables. The data go beyond the usual farthe study period of .36). Other aspects are similar to
management data set that is confined to farm produthe northern zone, except that some animal traction is
tion. The detail permits us to address questions that aused (14 percent of farms) and some fertilizer is ap-
rarely examined (e.g., the impacts of soil erosion anglied (11 kgs per hectare). Population density on farm-
soil conservation investments on productivity, or ofland is .58 ha per adult equivalent.
noncropping activity on farm investments, and inturn ~ The third zone is the Guinean zone, in the south.
on yields). The Zimbabwe data set is rare in Africa,The zone is medium-to-good agroclimatically, with low
because few long-term studies distinguish betweemariability and higher rainfall (952 mm/year in the long-
smallholders and largeholders. term, and 779 mm/year during the study period, with
a coefficient of variation in the study period of .14).
Farms produce coarse grains, cotton (an important cash
crop) and pulses. They make moderate use of animal
traction (19 percent of farmers) and fertilizer (average
The Burkina Faso studyis based on a survey under- |evel of use is 31 per hectare). The farmers do not ir-
taken by ICRISAT (in collaboration with IFPRI and the rigate. Household livestock holdings are small on av-
World Bank). The data cover five growing seasonsrage, but vary considerably. The land constraint is less
from 1981 to 1985, which include two severe drought@dvanced than in the Sudanian zone (.65 hectares per
and three relatively good rainfall years. The sampledult equivalent). Soils are not very degraded, and com-
includes 150 households spread over three agroecgon bushlands are still available and in good shape.
logical zones (50 each, in two villages of 25 each). The |n all zones non-cropping income as a share of
choice of sample zones and villages was reasoned, aftftal household income is substantial: 37 percent in the
the choice of households was randdithe zones are  Sahelian zone, 20 percent in the Sudanian, and 40 per-
as follows. cent in the Guinean (Reardon, Delgado, and Matlon
The first zone, the Sahelian zone, is in northern9g2).
Burkina Faso. The zone is very poor agro-climatically,

1. BURKINA FASO




The analyses undertaken include: (1) estimation ofiut Basin is densely populated by Senegalese standards
land, labor, and fertilizer productivities (average and70 to 85 people per square kilometer), making it in-
marginal); (2) production function estimation; (3) profit creasingly difficult to earn a living from either crop-
function estimation and derivation of output supply ancbing or animal husbandry.
input demand functions; (4) endogenous stratification  The southern region is represented by two study
of (2) and (3) by animal traction adoption; the latterzones. The Southwest, in the Sudano-Guinean agro-
was estimated as a function of noncropping income;limatic zone, has rainfall of 700-1000 mm, sandy soils,
landholdings, and other farm and individual characterand land constraints. The Southeast, also in the Sudano-
istics; and (5) analysis of composition and distributionGuinean zone, has rainfall of 700-1000 mm, and rocky

of farm household incomes across sectors. and clay soils. The two southern zones have better soils,
better rainfall, and proximity to the Gambia. The latter
2 SENEGAL provided (at least before the 1994 devaluation of the

franc CFA) a source of cheaper inputs (fertilizer, for
The Senegal studyis based on a survey under- example) and food products (rice, sugar, and tea in
taken by Institut Senegalais de Recherches Agricolegarticular), and increased options for households to
(ISRA) and International Food Policy Research Insti-€arn noncropping income through cross-border com-
tute (IFPRI). The data cover crop production, incomegnercial activities, at least before the Franc CFA devalu-
and expenditures for 1988/89 and 1989/90. The firsation in 1994. The share of non-cropping income in
year rainfall was below-average, the second year wdstal income is 43 percent. While the southwestern zone
above-average. The sample consists of 140 householigsfacing land constraints (32 people per square kilo-
spread over the following five zones of the Senegalegaeter), this is not true in the southeast (7 people per
Peanut Basin. The choice of the zones and villages w&guare kilometer). Pastures are also relatively abundant
reasoned, and the choice of households, was randoin.the east, making animal husbandry a major income
The north region of the Peanut Basin is representegource.
by one study zone, the “North,” in the Sahelian agro- Peanuts and millet (and sorghum in the southeast)
climatic zone, with rainfall of 300 to 500 mm and sandyare the principal crops in all zones. Farmers in the
soils. Its rural economy is much more diversified intosoutheast also produce a little cotton and maize. Cow-
noncropping and migration activities than the otheipeas are becoming important in the north and the cen-
zones; livestock is important. Kelly et al. (1993) showter, but still constitute a very small share of land culti-
the share of noncropping income in total income (foivated.
the same sample) to be 64 percent. Farmland is very Transportation and market infrastructure are rela-
degraded due to low (but intra-seasonally and intertively good throughout the Peanut Basin. However, the
seasonally highly variable) rainfall, loss of tree coverJower population density in the southeast means that
and erosion. the population in this zone generally needs to travel
The center region of the Peanut Basin is reprefarther to get to paved roads and markets.
sented by two study zones, the center-west and the The analyses undertaken include: (1) estimation of
Central Peanut Basin. The Center-west, in the Sudanaverage and marginal land, labor, and peanut seed pro-
Sahelian agroclimatic zone, has rainfall of 500 to 70@luctivities by crop and by zone; (2) comparison of
mm, sandy soils, and land constraints. The Center zonearacteristics of high-productivity farms with low-
also in the Sudano-Sahelian zone, has rainfall of 500 feroductivity farms; (3) analysis of the determinants of
700 mm and sandy soils. In these study zones, cropeanut seed acquisition; and (4) estimation of produc-
ping income and total household income vary greatlyion functions.
over years. Households are not as fully diversified away
frpm crop proQuct.ion as in the north and have mpr%_ RWANDA
difficulty covering income shortfalls when crops fail.
Kelly et al. (1993) show that the share of noncroppingfhe Rwanda stud§ covers three years, 1988-1991.
income in total income is 24 percent. The Central PeaFhe data are from a farm-household survey based on




a nationwide stratified-random sample of 1,240 housesonservation, and land use; (3) analysis of the deter-
holds. The Agricultural Statistics Division (DSA) of the minants of crop mix; and (4) analysis of retrospective
Ministry of Agriculture and Animal Husbandry (MIN- observations on changes in yields and land degrada-
AGRI), in collaboration with MSU, conducted the sur- tion.
vey. The sample is spread over the country’s five agro-
ecological zones, which are defined according td
differences in altitude, rainfall, soil type, and a variety4-
of agricultural characteristics including cropping pat-
terns and livestock ownership (see Clay and Dejaeghdihe Zimbabwe study uses two aggregate time series,
1987). The five zones lie within the tropical highlands,0ne for smallholders (1975 to 1990) and one for large
with rainfall ranging from 800 to 1300 mm/year. commercial farmers (1970 to 1989), without distinc-
On average, households cultivate slightly less thafion of agroclimatic zone. The largeholder data are from
one hectare of land (versus 5-10 hectares of land p#e Central Statistics Office and the smallholder data
household in Burkina Faso and Senegal). The distribiare from the aggregate agricultural accounts compiled
tion of landholdings is more skewed than in the Sahdpr the communal sector by the Ministry of Lands,
case studies, with a Gini coefficient of .43 versus onégriculture and Water Development. The University of
of .30 in Burkina Faso. Cultivated holdings are frag-Reading and Michigan State University compiled the
mented into many smaller plots. The vast majority ofggregated daté.
landholdings are owner-operated. Only 9 percent are Zimbabwe’s agricultural structure is dualistic—
rented. with a large-scale, capital-intensive commercial sec-
Pulses, roots, tubers, and grains are the main fod@r and a small-scale, low-input smallholder sector. The
staples, and coffee and bananas are the main cash créggmercial sector is composed of about 4,000 farm-
among sample households. Farming is labor-intensivé&rs of mainly European descent controlling 35 percent
Hoes and machetes are the main farm tools. Farme®$ the country”s arable land, while the other 65 per-
do not use animal traction. Most households own a fewent is managed by about one million African small-
small ruminants. Less than a quarter own cattle. Liveholder households. The largeholders account for about
stock husbandry is integral to the farming system, bufO percent of the nation”s agricultural output and 80
the progressive conversion of pasture into cropland haercent of the marketed output (Thirtle et al. 1993).
caused a reduction in livestock production in recent  Although the analysis did not distinguish agro-
decades, and a decline in manure availability. Populglimatic zones, there is a rough correspondence be-
tion density is among the highest in Africa (574 peopldween farm groups and zones. The zones with more
per-square-kilometer of cultivable land). Virtually all than 650 mm of rainfall have only one-quarter of the
arable land is used for farming. Marginal lands oncémallholders. About 58 percent of the land in these re-
set aside for pasture or left in long fallow are nowgions is operated by largeholders, and 36 percent by
coming under more intensive cultivation. Loveridgesmallholders (6 percent is composed of national parks
(1992), using the same sample, shows that noncrognd other public lands). Three-quarters of the small-
ping income (from labor sales and self-employmentfiolders live in regions with less than 650 mm rainfall,
is 25 percent of total income, although the averagéegions that are subject to frequent drought.
varies from 10 to 38 percent over the 10 prefectures The analyses undertaken include: (1) the estima-
comprised by the study zones. tion of profit functions for smallholders and large-
The analyses undertaken include: (1) productiorolders by crop, controlling for government grain buy-
function estimation, including examination of the ef-ing stations, government loans disbursed, and rainfall;
fects of land quality (erosion), soil conservation investand (2) the calculation of total factor productivities for
ments, and farm size; (2) analysis of the determinangmallholders and largeholders.
of fertilizer and organic matter use, investment in soil
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4. Patterns in Productivity:
Aggregate Versus Disaggregated

Below we examine aggregate patterns for the studyields increasing only at 1.1 to 0.6 percent per year,
countries over the last several decades, and then exnd labor yields barely changing at 0.3 percent per year.
amine patterns using farm-level data. We conclude witBut this disguises rapid land yield growth in maize start-
a discussion of the need to look beyond farm produdng in 1981, and after dips in land yields from droughts
tivity to full rural household productivity by adding from 1982 to 1984, a rise again in 1985 and 1986.
noncropping income to the equation. Smallholder total factor productivity grew at 7 percent
annually from 1975 to 1990, but tapered off since 1985.
After 1985, the growth rate of maize production has
been outstripped by population growth. After rising
We use FAO data by crop to calculate growth rates inlramatically during the early 1980s, per capita maize
labor yields (national output per agricultural worker)production in the smallholder sector during 1989 to
and land yields (output per hectare cultivated) over 1961991 had declined to about the same level as it was at
to 1991 for Burkina Faso and Senegal. We fit lineaindependence in 1980. Zimbabwe’s small-holder maize
functions of yields to time trends. For Burkina Fasoarea peaked in 1985, and has declined at an average
annual rates of growth in land yields were 1.7 percerate of 55,000 hectares per year from 1985 to 1991.
for maize, 0.7 percent for millet/sorghum, and 3.8Most of the decline in the smallholder maize area ap-
percent for cotton. For labor yields, the rates were 0.19ears to be in the lower-rainfall areas that are already
—-0.2, and —1.5, respectively. For Senegal, the land yieklbject to chronic food deficits. For Zimbabwe’s com-
rates were 1.6 percent for maize, 0.6 percent for milmercial farming sector, output had grown at an annual
let/sorghum, and —0.0 percent for peanuts. The labdate of over 4 percent during the 1970s, but this rate
yield rates were 0.1 percent for maize, —0.2 percertiropped to just over 2 percent during the 1980s. How-
for millet/sorghum, and —1.5 percent for peanuts. Irever, total factor productivity during the 1980s increased
general, land yields grew more quickly than did laboi3.5 percent annually, compared to 3.4 percent during
yields. the 1970s.

In Rwanda, we used data from DSA/MINAGRI Thus, in general, land yields and labor yields in the
(farm-level series covering 1984 to 1991), one of thdour study countries were stagnant except in the cases
longest farm-level series in Africa, and FAO data cov-of cotton and maize in Burkina Faso, maize, wheat, and
ering 1979 to 1991. The two series differ somewhat. soya in Rwanda, and maize in Zimbabwe during the
According to the DSA data, the land yields of only thredirst half of the 1980s. Land yields rose for commer-
crops (maize, wheat, and soya, that together cover ontyalized, in the main, food crops (except for cotton).
10 percent of cultivable land in 1990) increased durind-armers of these crops had benefited from market
1984 to 1991. Maize output grew at a rate of 2 percergupport and access (sometimes subsidized) to key in-
(1 percent according to FAO data). Compare this gaifuts such as seed and fertilizer, and to loans. In gen-
to the population growth rate of 3.4 percent. By coneral, yield growth for subsistence (or semi-subsistence)
trast, DSA data show land-yield stagnation or lossefpod staples stagnated or fell.
for nine crops (sorghum, white potatoes, sweet pota-
toes, coffee, cassava, dry peas, peanuts, bearls, a@% DISAGGREGATING THE
bana_nas) that cover nearly 90 percent of the cultivated AGGREGATE PICTURE
land in 1990.

In Zimbabwe, the FAO data over this period showrFarm-level data allow us to “dig below” the country-
a dim picture for maize, the main food crop, with landevel data, examining differences by agroecological
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zone, farmer-type, and good-rainfall versus drought Fourth, land yields can differ by farm size. In
year. Data used for national and FAO statistics are usiRwanda, the ratio of land yields of the smallest farm
ally broken down by administrative regions. The lattemuartile to those of the largest farm quartile is 1.6 for
are less useful than agroclimatic zones for understandirgananas, 2 for white potatoes, 1.7 for sweet potatoes,
productivity differences. The main findings are as fol-1.6 for beans, and 1.9 for coffee. In Zimbabwe, farm-
lows. level evidence shows that maize land yields on com-
First, large differences in farm productivity are mercial farms can be 3 to 5 times those on smallholder
evident over agroclimatic zones for most crops withirfarms.
each study country. Yields in agroclimatically unfavored ~ Whether smaller farms have greater land-yields
zones are on average well below those in agroclimatthan larger farms depends on whether larger farms use
cally favored zones (which have higher and more stableonlabor variable inputs more intensively than smaller
rainfall). farms (thus compensating for their lower labor/land
In Burkina Faso, for example, the ratio of favor-ratios). In Rwanda they do not, but in Zimbabwe they
able (Guinean) zone land-yields to those of the unfado.
vorable (Sahelian and Sudanian) zones are 1.5 for mil-  Fifth, in practice, marginal value products (MVPS)
let, 1.5 for sorghum, 1.2 for maize, and 3 for cottoncan also differ over crops on a given farm. As noted in
(over the study years). Section 2, economic theory predicts that they should
In Senegal, there is no statistically significant dif-not differ where there are no constraints in land, labor,
ference in peanut land yields across agroclimatic zonesapital access or no market distortions. Nevertheless,
This may be due to the development and extension ¢fiis does not always hold in Africa because of input
peanut varieties that are adapted to different rainfaltonstraints and market distortions.
regimes. Millet land yields, however, are 1.7 times  We found in Burkina Faso, for example, that land
higher in the southern zones (Sudano-Sahelian zoneajd labor MVPs were much higher for cotton and maize
compared to the northern zone (Sahelian zone).  (cash crops) in the Guinean zone than are those of
In Rwanda, the ratio of the land yields in the zonemillet and sorghum, subsistence crops. In Rwanda, the
with the best yields to those in the worst were: 1.7 foralue of land yields and land MVPs differ over crops,
beans, 3.1 for maize, 1.4 for sweet potatoes, 3.8 fas bananas and coffee earn about twice as much per
white potatoes, 1.4 for bananas, and 2.4 for coffeehectare as do beans and sweet potatoes (that is, cash
Labor yields also differ greatly over zones. crops earn much more than do subsistence crops). But
Second, annual aggregate growth rates mask large both countries, there are constraints on access to
differences in land yields between years and zones. Thke type and quality of land that the higher value crops
differences are greatest where rainfall variability is high+equire, and on fertilizer and manure required.
est, in the drier areas of the semi-arid regions. Sixth, the MVP of an input can differ from the
In Burkina Faso, for example, millet land-yields in input’s price, implying under use or over-use of the
the Sahelian zone in a year of good rainfall (1983) weraput, given the levels of complementary inputs (as
3.6 times those in the drought year 1984. The lattediscussed in Section 2).
ratio is about twice the ratio of land yields between In Rwanda, we find that the MVP of land on small
favorable and unfavorable zones in a good rainfall yediarms is well above the rental price of land, implying a
(1.5). Thus, with plenty of rainfall, the zone differ- land market constraint. Moreover, the tercile of small-
ences are nearly erased. est farms in Rwanda apply labor until the labor MVP is
Third, land yields can differ greatly over technol- only a third of the market wage compared to two-thirds
ogy regimes. In Burkina Faso, millet and sorghum landor the largest farms. This implies a “bottling-up” of
yields are close between animal-traction user and notabor on the smallest farms, with a lower opportunity
user households (in the Guinean and the Sudaniaost of labor than that reflected in the farm labor mar-
zones). For cotton, however, traction-user yields arket. This may be due to constraints to access to that
50 percent greater.
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labor market as well as to nonagricultural employmenon crop output and crop productivity neglects the im-
opportunities. portant non-cropping dimension of farm household’s
In Senegal, the MVP of peanut seed exceeds itactivity, that can be nearly half of its income and out-
price, indicating access constraints to seed. The MVPBut per person. Much more economic activity is tak-
of labor, however, is below the market wage, indicating place in rural areas in Africa than crop statistics
ing that more than the economically optimal amounshow.
of labor is being used. These smallholders may lack Second, the first argument reflects on the “nu-
access to labor market jobs. merator” of the land-yield measure. The flip-side of the
In sum, farm-level data allow us to go “below” the argument touches on the “denominator” of the labor
surface of the aggregate data. Despite our finding productivity measure in the crop sector. As members
number of constraints and much evidence of stagnaf the household are working part or full time in the
tion, we also found that land yields increased substamoncropping sector, it would be inappropriate (though
tially for some crops in some periods (cotton and maizesual in aggregate statistics) to divide crop output by
in Burkina Faso or Zimbabwe), and in the favored zonesural adults. One would have to remove from the de-
in the African semi-arid tropics or in pockets of pro-nominator the equivalent time used off-farm, thus in-
ductive agriculture in the Rwandan highlands. Aggre<€reasing the crop land-yield measure. We have done
gate data hide these farm-level successes. Yet we nethik in our Rwanda study.
to know the determinants of these successes as a guide Third, below we show that the farm house-hold’s
to future action. participation in the non-cropping sector affects its crop-
ping productivity via its effect on variable input and
capital acquisition.

4.3. A BROADER VIEW OF LABOR Fourth, the success of the farm and noncropping
PRODUCTIVITY OF THE FARM sectors are interdependent. On the one hand, Reardon
HOUSEHOLD: ADDING THE et al. (1994a) show for Burkina Faso, Niger, and
NONCROPPING SECTOR Senegal that most noncropping income earned by farm

house-holds is from “production-linkage” activities (up-

Although the rest of this report returns to the cropstream and downstream from local agriculture). The
ping-side of the farm household economy, this sectiofatter include supplying inputs and services to the farm
presents a useful aside on the importance of the noBr using outputs from the farm in processing and mar-
cropping sector to the modern African farm householdketing. This shows how important the crop sector is
Hill (1982) laments that the traditional view persists andor off-farm activity. On the other hand, activities in
that the typical African rural household is exclusivelythe off-farm components of the food system affect the
engaged in farming, with only very minor activity out- profitability of farm investments in productivity, as well
side the farm. Early work in Nigeria by Norman (1973),as the extent to which the gains from productivity in-
Matlon (1979), and Hill (1982) showed that this is acreases are passed to consumers in urban areas.
misconception, and more recent studies confirmtthis. Fifth, we find it worrying that noncropping income
African farmers substantially diversify their incomesin Burkina Faso, Rwanda, and Senegal is inequitably
beyond farming into noncropping activities (as notediistributed with both share and absolute levels much
in Section 3 for the case study countries). This is imhigher for richer households than for poorer households
portant for several reasons. in a given zone. The poorest are most dependent di-

First, our observations on cropping performanceectly on cropping. Inequality in access to noncropping

understatethe full output of the farm household, and income can translate into poorly distributed success in
this in a sense understates the full labor-yield (in inincreasing farm productivity.
come terms) of the farm house-hold. A narrow focus
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5. What Determines
Farm Productivity?

This section is organized by productivity deter-minantginal lands. Using fertilizer in combination with organic
In each subsection, we first present back-ground disnatter is not, however, a panacea as there are also
cussion if applicable, then key findings, and illustra-constraints on the availability of organic matter. Popu-
tions from case studies in boxes. lation pressure has pushed farmers onto land that was
previously reserved for pasture (the center-west of
Senegal’s Peanut Basin, for example), making it more
difficult to keep animals close to cultivated areas that
need the manure. Furthermore, there are competing
5.1.1. Background demands for crop residues that prevent them from being
The role of fertilizer in increasing African agricultural plowed back into the soil (the thriving market for pea-
productivity has become a surprisingly controversial,t hay in Senegal or cowpea hay in Niger are prime
topic. It seems self-evident to say that fertilizer i”‘examples).
creases productivity. Yet there have been many at-  ynfortunately, no one has found real alter-natives
tempts to remove fertilizer from the list of key produc-tg fertilizer and manure for increasing productivity.
tivity-enhancing options worthy of government andarginal value products of labor for most case study
donor policy support. Among the reasons given fol;ountries and crops are already low (frequently below
downgrading its importance in Africa are its riskinessyages), indicating that increasing labor use would not
under conditions of low or erratic rainfall, its relatively pe profitable. As discussed below in the Senegal seed
low yield response in Africa when compared to resultgxample, increased seeding densities are not a sustain-
in Asia and Latin America, as well as its high distribu-ap|e route to better productivity. Animal traction makes
tion costs in a context of low effective demand ancy important contribution, but is at its best when com-
poor storage facilities and roads. bined with complementary inputs such as fertilizer and
During the past decade, research and extensigfianure.
services have given priority to finding more cost-ef-  aAn analysis of household crop production data for
fective and “environmentally friendly” fertilizer recom- Byrkina Faso and a 19-year time series of aggregate-
mendations for African farming systems. Part of thgeyel data for Zimbabwe, plus a review of the literature
motivation for this research was low fertilizer use.on economic returns to fertilizer in Senegal, confirm
Bumb (1988) reports an average of 8 kilos used pepat fertilizer can still play an important role in increas-
hectare in Africa versus 57 kilos for developing counsng |and-yields and aggregate output in the higher (>700
tries in general. The research was also motivated yym) rainfall zones (see key results below).
evidence that high doses of fertilizer without reconsti-  pespite the contribution that fertilizer can make in
tution of organic matter were hurting soil quatitfthis  these countries, an analysis of input use patterns for
recent research has produced recommendations f@frkina Faso, Senegal, and Zimbabwe reveals that the
smaller (i.e., more affordable) applications of fertilizer,elimination of fertilizer credit and subsidies associated
larger applications of organic matter, and use of bundgith structural adjustment programs has led to sharp
or tied ridges to prevent fertilizer run-cff. reductions in fertilizer use. Case study evidence on both

As land constraints increase under population preshe productivity of fertilizer and the declining use rates
sure il’l the Semi-al’id tI‘OpICS and h|gh|ands Of Afnca‘s summarized in Boxes 1 and 2

fertilizer, in combination with organic matter, remains o

one of the few options available for rapidly increasing5'1'2' Our Findings

yields and arresting soil degradation through acidifica- ~ First, fertilizer is more costly and financially risky
tion, thus reducing the need to cultivate fragile, marthan some other variable inputs such as seed, hence

5.1. FERTILIZER
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Box 1. Effects of Fertilizer Use in Burkina Faso

Farm-survey data are seldom used to evaluate fertilizer response because it is so difficult to obtain
statistically significant coefficients when other inputs (timing of fertilizer applications and other key activi-
ties such as seeding and weeding, for example) are not controlled. Analysis of land-yields for Burkina Faso
did not show a statistically significant effect of fertilizer. Analysis of crop output (using profit function
estimation and deriving the supply function) did, however, show that fertilizer has a statistically significant
and positive impact on the gross value of household crop production in the Guinean zone. The sample was
stratified (endogenously) into animal-traction user and non-user households to capture the supply re-
sponse effect of technology, price, and nonprice effects on supply response. Elasticities of supply with
respect to fertilizer use were .34 and .55 for maize and cotton for traction users in the Guinean zone, and
.84 for cotton for non-user farmers. The other elasticities were much lower, as the other grain crops are less
responsive and less fertilizer is used on them. The elasticity for manure use was also much lower in the
unfavorable zone (Sudano-Sahelian) as not much is used there and weather is unstable and poor on
average. The elasticity of maize with respect to manure was around .3 for both groups in the Guinean zone.

constraints on farmer demand are greater. Fertilizer iaverage of 8 kg/ha). Greatest use (well above the Af-
bulkier, harder to store, and more costly to transpontican average) was in higher rainfall areas and on cash
than seed, hence constraints on effective distributionrops, where distribution, credit, and marketing/ credit
are greater. recovery were handled by a parastatal, or where house-

Second, data on farmer-managed trials in Senegablds had more noncropping income.
show evidence of physical response and profitability ~ Fourth, the elimination of credit and fertilizer sub-
(but also riskiness) of fertilizer use. Survey data fronsidies and a switch from government to private sector
Burkina Faso show evidence of fertilizer impacts ondistribution (reducing the area served), often associ-
output when combined with manure and animal tracated with structural adjustment programs, have had a
tion. negative impact on fertilizer use.

Third, observed fertilizer rates varied widely by In Senegal, fertilizer use on peanuts went from
zone and crop (from under 10 to over 110 kg/ha ir88,000 tons in 1976 to 3,000 tons in 1988. Overall
Burkina Faso, for example, compared with an Africanconsumption of fertilizer went from 75,000 tons in

Box 2. Economic Returns to Fertilizer in Senegal

Although our study examined the physical relationship between fertilizer and output, it did not include
analysis of the economic returns to fertilizer at the farm level. However, one study on economic returns to
fertilizer in Senegal (Kelly 1988) reveals that average value/cost ratios calculated using a 20-year data set
from farmer-managed trials in the southern Peanut Basin were 3 for peanuts and 6 for sorghum. This is well
above the level of 2 usually thought to stimulate use. Trials used fertilizer doses recommended by exten-
sion services from 1960 to 1980. Despite the high averages, response and profits are extremely variable in
this zone of relatively high rainfall (>800 mm). Peanuts, for example, had a ratio below 2 during 40 percent
of the time and above 4 during 45 percent of the time. These results show that fertilizer use is profitable on
average in the southern Peanut Basin, but highly risky, which suggests that greater use is unlikely to occur
without some type of risk sharing or insurance program. Kelly (1988) also analyzed 15 years of data for the
central Peanut Basin showing much greater risk, lower response, and lower profits than found for the
southern Peanut Basin. Value cost ratios were below 2 during 70 percent of the time for peanuts and 20
percent for millet. The average value cost ratio for the entire period was 1.4 for peanuts and 3.5 for millet.
Given the poor response and profitability in this zone, intensification using fertilizer makes little sense;
alternative means of improving soil fertility must be sought.
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1980/81 (roughly its average in the 1970s) to 27,10@roviding credit cannot count on recovering the loans
tons in 1985/86, 19,900 tons in 1986/87, and 22,408t marketing time.
tons in 1987/88. Much of the fertilizer use was on  Nevertheless, Burkina Faso's fertilizer subsidy re-
cotton, irrigated rice, and vegetables. This is wherenoval (gradually effected from 1983 to 1987) was
subsidies and credit remain (cotton) or where farmeraccompanied by a reduction in fertilizer use on cotton
have water control (rice, vegetables). (SOFITEX 1993). After that decline, fertilizer use rose
In Zimbabwe, smallholders rapidly adopted hybridfrom 1988 to 1992 apparently because of nonprice
maize when fertilizer credit was available and outpufactors and increased awareness of its need in cotton
market prices were guaranteed. When fertilizer crediproduction. During the whole period SOFITEX essen-
was eliminated in 1985, fertilizer use declined. Thetally subsidized input credit to cotton farmers, how-
amount of fertilizer that could be purchased with gov-ever, by offering credit below market rates.
ernment credit disbursed to small-holders was 44,000 In Box 1 we discuss the effects of fertilizer use
metric tons in 1992 compared with 148,000 tons iron productivity in Burkina Faso. Boxes 2 and 3 con-
1986. tain discussions on the returns to fertilizer use in
Cotton production in Burkina Faso and confection-Senegal.
ery peanut production in Senegal have been spared
from the cutbacks in agricultural support programs thal
have affected producers of other crops. The institu2-2-  SEED
tions running both of these programs provide a wide
range of inputs to farmers on credit (seed, fertilizer, Our key findings are as follows. First, the case
pesticides, herbicides). Both institutions have a virtua$tudies point to seed as one of the most important de-
monopoly on purchasing the output because there tgrminants of productivity. MSU studies of returns to
no competing local demand, and both, therefore, ar@gricultural research have also showed the pivotal role
relatively successful in recovering input loans. Mo-0f effective seed distribution (Crawford 1993).
nopoly control over output marketing, however, ap-  Second, plant-breeding programs have developed
pears to be the key to loan repayment. When farmetgproved cultivars that have increased productivity
have alternative means of disposing of their output, loathybrid maize in Zimbabwe) or maintained productiv-
repayment becomes more problematic. This is the cadlyy in the face of worsening environmental conditions
for producers of oil peanuts in Senegal. The institutiofshort-cycle peanuts in Senegal).

Box 3. Fertilizer Use in Senegal

Because of the fiscal unsustainability of the programs, the government experimented with different
fertilizer distribution, price, and credit policies during the early 1980s in an effort to eliminate direct budget-
ary support of input distribution and subsidy programs for the most common crops (oil peanuts, millet, and
sorghum). Credit programs were virtually eliminated, subsidies were removed, and government involvement
in distribution stopped, leaving a very reluctant private sector in charge. While annual fertilizer consumption
in Senegal was in the range of 50 to 70 thousand metric tons during the 1970s, it fell to less than 30
thousand tons during the latter half of the 1980s. Prior to 1980, 80 percent of fertilizer was consumed in the
Peanut Basin. By the end of the 1980s, only 25 percent was used in the Peanut Basin with most of the rest
going to irrigated rice and horticulture. Case study survey results show that in 1989/90 not a single farmer
in the sample used fertilizer on oil peanuts and fewer than 5 percent of households applied fertilizer to millet
or sorghum fields. The few farmers using fertilizer on cereals purchased it for cash in The Gambia where it
was sold at about half of the prevailing Senegalese price. It is not possible to trace the effect of declining
fertilizer use on aggregate productivity, but ample survey evidence shows that farmers believe their soil
fertility has fallen substantially since they stopped using fertilizer (Gaye 1992; Kelly 1988).
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Third, for seed to make its full contribution to pro- market, than for semi-subsistence crops (as the latter
ductivity, seed quality, availability, and afford-ability are sold locally at a variety of outlets).
must be assured by public and private sector institu- Case studies reveal two examples of successful
tions, through both research and supportive policiesdevelopment and adoption of new seed varieties, hy-
Fourth, the government has cut back seed distrbrid maize in Zimbabwe and short-cycle peanuts in
bution and credit programs. Seed prices have increas&gnegal. The successes were of a limited duration,
because of policy reforms associated with structurahowever, because tight government budgets in the
adjustment. In Senegal, the result has been limited a@¢980s led to a reduction in input distribution and sub-
cess to seeds (reflected in marginal value products sfdy programs that had eased adoption. Reduction in
seed well above seed prices), a marked drop in use tifese support programs made it difficult for farmers
peanut seed, and a substantial acreage shift from pda-obtain desired quantities of good quality seed and
nuts to millet (with the consequence of less nitrogemomplementary inputs.
fixation by peanuts). The productivity-enhancing potential of seed is
Fifth, given previous constraints on the develop-dependent not only on the development of appropriate
ment of private-sector, input-supply networks and ruvarieties but also on programs that multiply and mar-
ral financial markets, seed distribution in Africa hasket the seed in such a manner that ensures quality,
tended to work better when a single organization proavailability, and affordability. The Zimbabwe and Sene-
vides seeds on credit in conjunction with complemengal case studies provide examples of improved variet-
tary inputs and recovers credit by controlling outputies being developed and adopted when support services
marketing (e.g., cotton and confectionery peanuts imere in place.
Senegal, and cotton in Burkina Faso). This vertically
integrated approach has tended to deal more effectivety
with the problems of coordinating input delivery, credit,.3.  ANIMAL TRACTION
and output markets than more decentralized and
unintegrated networks found in much of Africa. The®-3-1. Background
integrated approach has also tended to work better féricher and Baker (1982) review evidence from stud-
cash crops with a regional, national or inter-nationales of animal traction in the 1960s and 1970s. Pingali,

Box 4. Hybrid Maize Seed in Zimbabwe

In Zimbabwe, hybrid maize seeds were bred in programs that targeted the larger commercial farmers.
In the late 1970s, the hybrid seed was made available to smallholders. Rapid adoption did not take place
because smallholders did not have access to fertilizer, loans, and reliable market channels. In the first half
of the 1980s, the government provided these supporting services by establishing a public loan disburse-
ment program and a network of marketing outlets (Rohrbach 1989; Jayne et al. 1994). When the conditions
were in place, the adoption of seed proceeded rapidly. In a short time all smallholders were growing some
hybrid maize. In the late 1980s, however, the government reduced expenditures for the credit (particularly
fertilizer credit) and marketing programs.

Payoffs to research and development (to raise productivity) require a supportive policy environment “in
tandem” with the productivity-increasing measure (the hybrid seeds were “on-the-shelf” for over a decade
before marketing improvements stimulated their use by smallholders). After the mid 1980s, tight govern-
ment budgets and structural adjustment forced a decrease in the number of depots and a cutback in the
number of loans. The independence war was also a factor impeding the distribution of inputs to rural areas.
The reduction in support services and infrastructure had as a counterpart the discouragement of hybrid
maize production and marketing and use of complementary inputs geared to it, and a reduction of cropped
area and resource allocation to agriculture.
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Box 5. Peanut Seed in Senegal

In Senegal, peanuts are the principal cash crop for most farmers. Maintaining a high-quality supply of
seed at affordable prices is a key issue for all peanut-producing countries because peanut seed has a low
reproduction rate. (One hectare of millet requires only 4 kilos of seed; one hectare of peanuts requires from
60 to 100 kilos of seed.) Peanut seed costs represent about 20 percent of the gross value-added by crop
production for the average farm household.

The pillar of Senegal’s agricultural program in the 1960s and 1970s was a parastatal-run input distribu-
tion program with liberal credit terms that guaranteed peanut seed to all farmers. The terms were usually
limits of 100 kilos of seed to all men and 50 kilos to all women. The only criterion for access was that the
recipients paid their taxes. These taxes were substantially below the value of the peanut seed.

Declining rainfall and repeated droughts during the 1970s spurred researchers to develop shorter-cycle
peanut varieties that matured in 90 rather than 120 days. As rainfall continued to worsen, farmers became
rapid adopters of the earlier maturing varieties which were distributed by the input supply parastatal in the
drier zones of the Peanut Basin. The shorter-cycle variety is now the most common variety planted throughout
the Peanut Basin, because few areas continue to get 120 days of useful rain required by older varieties.

Inthe late 1970s, credit defaults (due primarily to repeated droughts) were high, which caused financial
problems for the parastatal. Corruption in the parastatal and the cooperative movement exacerbated the
situation. By the mid 1980s, the entire input distribution system was bankrupt and had to be revamped.
The new program required farmers to make a hefty down-payment to get peanut seed on credit. This posed
a severe liquidity constraint for most farmers. As a result, farmers store their own seed rather than pur-
chasing better quality certified seed. Farmers do not obtain nearly the desired quantity of seed. As a
result, aggregate peanut production has suffered.

Production function analysis of crop production data for 1989/90 provides supporting evidence that the
seed constraint is real. The marginal value product of peanut seed is 2 to 3 times greater than the seed
price, suggesting that considerably more seed could be used in an economically efficient manner. The
lower-than-optimal use of peanut seed also has implications for soil fertility and productivity of cereal crops
as the decrease in area planted to peanuts means that the peanut/cereal rotations, which return nitrogen
to the soil, are not being maintained.

Evidence shows that the quality of seed is declining. This appears to be true for purchased seed as
well as that stocked by farmers from the prior harvest. Survey results show that farmers have beenincreas-
ing the peanut seeding density, despite problems of obtaining desired quantities of seed. Farmers ques-
tioned about the increased density claim that declining soil quality and a growing land constraint as well as
seed quality are pushing them to higher seeding rates.* Recent reports by the Senegalese seed service
also document problems with (1) maintaining the quality of national seed stocks, and (2) encouraging
farmers to renew their own stock with certified seed every few years (Sene 1994).

Although the economic logic of farmer’s current seeding density strategies is confirmed by production
function results, it is a strategy conditioned by levels of complementary inputs currently used (no fertilizer
or manure on peanuts) and seed quality (very little certified seed use). Increasing seeding densities ad
infinitum is clearly not a sustainable strategy for the long-run, but from the farmers’ perspective it is the
only economically feasible way of increasing returns to land at the present time.

* In the case of peanuts, farmers want the crop to fill in between the rows as rapidly as possible. They
believe this reduces weeding problems and helps maintain soil moisture. Now that fertilizer is no longer
used and seed quality is declining, peanut plants do not fill out as rapidly, hence the decision to plant the
rows closer together. In these same zones, the opposite strategy is used for cereal—the poorer the soil the
less densely the crop is planted.
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Bigot, and Binswanger (1989) review more recent eviminant of farm-level profitability of animal traction”
dence. In general, they find that animal traction hagusing evidence from northern Nigeria, peanuts in
historically been associated with these potential berSenegal, cotton in southern Mali, and cotton in north-
efits: (1) increase in area cultivated (as the most citeedrn Cameroon). Barrett et al. (1982) found important
advantage); (2) (occasionally cited) increase in landeash flow problems for traction adopters. Internal rates
yield through improved seed bed preparation, deepaf return were positive over 10 years, but net returns
plowing, more timely planting and weeding, moisturefor oxen-traction farms were below net returns before
conservation (and we would add manure transport, aretloption for the first four years due to slow learning
manure and crop residue incorporation); (3) incomdy farmers.
generation through off-farm transportation; (4) reduc-  Because of high costs and learning requirements,
tion in drudgery (potentially freeing labor); and (5) fa-farmers’ cash sources or credit and veterinary services
cilitation of tied ridging for water retention and soil are crucial. Equipment adapted to key activities (weed-
conservation (see Ohm and Nagy 1985 and Sandeligg, tied ridging) is not usually available, and a persis-
Nagy, and Ramaswamy 1990). Farmers use tractioient issue is affordability. In the 1960s to 1970s, gov-
mainly for plowing, and sometimes for seeding andernments and donors promoted a “total oxen cultivation
weeding. package” (oxen or donkeys or horses, plus a tool bar
Nevertheless, the long (60-year) history of animaknd attachments such as plow, seeder, ridger and some-
traction programs in Africa is characterized by hightimes carts). This package can be very expensive rela-
expectations but mixed results and by discontinuousve to rural household incomes. An oxen traction pack-
support. Eicher and Baker (1982) note that age cost $1000 in 1977, a donkey traction package
...although these figures are impressive, similar $500:® Compare these costs to $1500/household in-
‘waves’ of animal traction have appeared in other come in the Guinean zone of Burkina Faso in 1981-
African countries over the last 50 years only to 1985, of which $1140 is cash income (Reardon and
disappear or recede during periods of drought, Mercado-Peters 1993).
changes in government policies, and the failure to

provide veterinary support services. In 1981, the 5.3.2. Our Findings
major concentration of animal traction was in  First, our case study in Burkina Faso showed strong

Senegal, Mali, Botswana, and to a lesser extent in farm-level impacts of animal traction ¢end and la-
Tanzania, Uganda, and northern Nigeria (p. 141).  bor productivity on cotton in the Guinean zone, and

Historical evidence on land yields and area respong@n supply responsiveness, efficiency of resource allo-
has been mixed. Sargent et al. (1981) reviewed 27 tragation, and on manure use.
tion projects and found that most had not met expec- Second, investment in animal traction is more likely
tations because of the high cost of animals and equifer households that have access to more land, earn more
ment, low acreage and land yield effects, and lack gioncropping income, and grow cash crops.
reliable institutional support. Whitney (1981) found that ~ See Box 6 for a more detailed discussion.
traction farmers increased hectarage by 39 percent but
experienced no change in land yields. Barrett et al,
(1982) show that, in eastern Burkina Faso, area an%‘4
land yield effects were modest, but labor inputs were
reduced 20 to 25 percent per hectare. 5.4.1. Key Findings

In general, researchers have found that the eco-

nomics of animal traction are problematic for farmers':'rs_'t' the R"Va“‘?‘a case study showed th.at. land degra—
producing only subsistence food grains (such as migatlon substantially undermines productivity. The di-
let and sorghum), but become more favorable in casfhection of this effect is common sense, but the empiri-

cropping areas. Eicher and Baker (1982) note that “th%al importance of the effect had rarely (particularly in

presence or absence of a cash crop is a central detéf_rica) been examined in developing countries outside
of field-station experiments.

ORGANIC INPUTS AND SOIL
CONSERVATION INVESTMENTS

20



Box 6. Animal Traction in Burkina Faso

Animal traction increased /and and labor productivity in the farm households in our Burkina Faso
study. In the Guinean zone (the favorable agroclimate), compared to non-traction households, traction
households’ land-yields are 44 percent higher in cotton and 98 percent higher in maize. For labor-yields,
the figures are 76 percentin cotton and 91 percent in maize. Manure use per hectare is 417 percent higher
in traction households than in non-traction households.

By contrast, labor use by animal traction households is close to total cropping labor by non-traction
households (not taking into account animal husbandry labor associated with the traction animals). In
cotton and maize, labor use per hectare is only 6 to 7 percent lower for traction households. Thus, the land-
yield effect was much greater than the labor-saving effect in our case study. But for subsistence grains,
traction mainly increases labor productivity.

Moreover, we found that traction households had greater supply responsiveness with respect both to
price changes and to manure and fertilizer application, especially for cotton, the main cash crop. We also
found that households using traction had greater allocative efficiency of labor and land, probably because
animal traction allows greater timeliness of cultivation operations and gives farmers the ability to clear land
for millet.

Second, land conservation measures and organic Box 7 shows results for manure use in Burkina
matter incorporation help to protect the land and faFaso; Boxes 8 and 9 show results for the deter-minants
cilitate intensification of production. Practices that addand effects of use of organic matter and chemical fer-
organic matter to soil and conserve water or preverttlizer, as well as soil conservation investments in
erosion and help water retention (bunds, tied ridgesRwanda.
grass strips, windbreaks, terraces) increase produc-
tivity, e.g., by increasing the impact of fertilizer and
increasing soil moisture. Conservation investments are-2>- FARM SIZE AND LAND TENURE

complementary with the use of improved inputs and
organic matter. Use of organic matter and soil conser5—'5'l' Background

vation investments greatly increased land productivity T he distribution of land in the tropical highlands
in Rwanda. of East Africa is becoming a burning issue as land con-

Third, investment in soil conservation is more likely Straints increase and smallholders are forced to farm

for farms that are smaller (hence have less ability t@n tiny plots. The Gini coefficient of landholding in

fallow, a substitute for these investments) and earffWanda (.4) shows land to be relatively unequally dis-
more noncropping income. tributed (compared to smallholder areas in West Af-

Box 7. Manure Use in Burkina Faso

Most manure is used on cotton and maize (cash crops). Much more manure is used in the favorable
Guinean zone than in the unfavorable northern zone, despite similar levels of livestock holdings. Animal
traction households use much more manure than do nontraction households. In the Guinean zone, traction
households use four times more manure for cotton (1776 kgs/ha vs 402 kgs/ha) and two times more
manure for maize (8588 kgs/ha vs. 4350 kgs/ha). Animal traction helps farmers to carry and incorporate
manure; manure use is related to animal holding. Relatively little manure is used on sorghum and milletin
either zone. Our analysis shows that manure has a strong effect on maize and cotton output in the
Guinean zone and a moderate effect on the cotton yield. Manure availability has declined in the middle
zone (the Sudanian zone) over time because of reduction in size of herds kept in the zone. This could harm
soil quality in the long term.
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Box 8. Effects of Farm Size, Soil Erosion,

and Soil Conservation Investments in Rwanda

Our simulation results for marginal products of land and labor, based on regression results using field
survey data, show the following. Note “low” and “high” are specified in Byiringiro and Reardon (forthcoming),
and are the extreme deciles of the range of current use or experience on survey sample farms.

First, farms with high investment in soil conservation have much better land productivity than average.
Those with very eroded soils do much worse than average. Smaller farms are not more eroded than larger
farms, but rather smaller farms have twice the soil conservation investments. When erosion increases from
low to high, the land MVP decreases 30 percent. On farms with a high share of cash perennials (coffee and
bananas) in total crop output, and a high share of their land fertilized (by chemical fertilizer or animal or
green manure), the effect of moving from low to high erosion is only 24 percent. With a low share of cash
perennials in total crop output (hence a high share of annual crops, which are more erosive), and with a low
share of land fertilized, an increase in erosion (from low to high) has a large impact, 51 percent.

Second, when soil conservation investment per hectare increases from low to high, the land MVP
increases by 21 percent. The farms that benefit most from soil conservation investment are those with high
erosion, low share of cash perennials, and low orhigh share of land fertilized. The effect of moving from low
to high soil conservation is 42 percent and 35 percent, respectively for low and high share of land fertilized.
Those that benefit least are those with low erosion, high share of output in cash perennials, and low or high
share of land fertilized. The effect of moving from low to high soil conservation investments is to increase
land MVP only 15 percent for those with a high share of land fertilized, and 18 percent for low. Hence, cash
perennials are an alternative to soil conservation investments for protecting the fertility and productivity of
farmland.

Third, smallholder land productivity benefits substantially from perennial cash crops; and the gains to
shifting to cash crops are highest for those with low erosion and high use of fertilizer and organic matter.
When one moves from farms with a low share of land fertilized to those with a high share, the land MVP
rises by 15 percent. On farms with high erosion and low share of cash perennials, the gain in land MVP in
moving from low to high share of land fertilized can be as high as 44 percent. Hence, the need for soll
amendments is greatest where land is already eroded and annual crops are intensively cropped, and thus
farmers need to replace soil nutrients. When the share of cash perennials increases from low to high, the
impact is quite high on land MVP (92 percent) (cash perennials pay so much more than food annuals such
as beans and tubers and grain). The effect is highest where farm conditions are good—when erosion is low
and the share of land fertilized is high, and lowest (39 percent) when farm conditions are poor (high erosion,
low share of land fertilized). Hence, producers of cash perennials have incentive to improve farm conditions,
although producing bananas and coffee is itself a fertility-enhancing, soil-protecting measure.

rica). In Zimbabwe, the land debate is at least as charged First, do largeholders use scarce land as produc-
as in Rwanda, but for different reasons. Zimbabwe hatively as do smallholders? Policy researchers debated
a dual structure in which one million smallholders arethis question in Latin America and Asia, especially South
restricted to half the arable land, with 4500 largeholderésia, with much of the productivity research in the
farming the other half. By contrast, the land distribu-1960s to 1970s in those places focused on it, as well
tion debate is not as important in the Sahel where mosss on the concomitant issue of mechanization. In gen-
countries have a relatively equal land distributioneral, the Asian literature shows that land productivity
(Burkina Faso’s rural land Gini coefficient is only aroundis higher on smaller farms, except where land-substi-
.3) and only a smallholder sector. tuting capital has made largeholders more land-produc-
The land debate in countries with unequal smalldive.
holder sectors (such as Rwanda’s) or dual agricultures Second, is labor “bottled up” (and thus in excess
(such as Zimbabwe’s) focuses on three issues. use) on smallholders’s holding? This hypo-thesis, put
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Box 9. Determinants of Soil Conservation,

and Organic Matter and Fertilizer Use in Rwanda

In Rwanda, farmers mainly use organic matter on cash crops (such as bananas, coffee, and soy-
beans). Often this is because (1) these crops respond well agronomically to organic amendments, (2)
fertilizer is used on cash crops because it complements organic inputs (their combined use is recom-
mended by agronomists), and (3) cash cropping helps farmers buy cattle that generate manure. Moreover,
there are tradeoffs between fallowing and organic input use, and between fallowing and conservation invest-
ments.

Smaller farms have a smaller share of their land under fallow, but they have two times more soll
conservation investments per hectare than do larger farms. Controlling for farm size, two other factors
influence conservation investments and improved input use: (1) noncropping income (important as a source
of cash for labor and materials and tools); cash crop input credit programs often support acquisition of
fertilizer, but these programs do not financially support soil conservation investments (we do not know of
any African country where they do), and (2) field slope (hence the need to control runoff).

Rented land (compared to owned land) receives less organic inputs, fertilizer, and conservation invest-
ments. Farmers perceive these long-term productivity improvements as not worth making on rented land
that could be reappropriated by the owners.

forward in Lewis (1954), was debated in the 1950s an8.5.2. Our Findings

1960s. This surplus could be due to small farmers n@tjrst, the Rwanda results do show clear productivity
having opportunities to sell labor in the farm |ab0rpatterns by farm size, with smaller farms having much
market or in the nonagricultural sector (directly, Viahigher land productivity than larger farms. These re-
wage-employment, or indirectly, via self-employment).gits are reported in Box 10.
The surplus could also be due to small farmers’ hav-  gecong, although we distinguish between small and
ing constrainted access to land or capital. In Kenyagrge holders in Zimbabwe, our data for largeholders
for example, Carter and Wiebe (1990) show that thgg not allow easy comparison with smallholders. The
marginal value product of smallholder (but not large{argenolder aggregate encom-passed primarily-livestock
holder) labor in the wheat sector was well below theyg primarily-cropping farms that have very different
market wage, while the marginal value product of capizop |and-yields. The smallholder aggregate encom-
tal on small farms is well above the capital price (indipassed farms from widely different agroclimatic zones.
cating a capital constraint for smallholders). Third, in Senegal, farm size and productivity are
Third, is secure tenure of landholding necessaryot clearly linked. Large farm size is correlated with
to induce farmers to make short- and long-term propjgher peanut yields and smaller farm size with higher
ductivity and soil conservation investments? Africancereal yields. This suggests economies of size in pea-
evidence is mixed and ambiguous. Place and Hazel,t hut not in millet production. Moreover, small farms
(1993) (and Clay et al. 1995b) for Rwanda show teNmay have land constraints and are intensifying their

ure to be important to investment. By contrast, Golagereal production to free land for peanut production.
(1990) shows that secure tenure is not necessary for

investment in Senegal. In general, the literature shows

that secure tenure is more necessary where investmefit. NONCROPPING INCOME

are more long-term. Moreover, security of tenure can

be by traditional arrangements and not necessarily b3-6-1. Background

“land titling."*° Sections 3 and 4 summarize evidence concerning the
importance of noncropping income in the rural
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economy of Burkina Faso, Senegal, and Rwanda. Wand collateral in informal credit markets. This is be-
also noted that noncropping income is poorly distrib-cause of the problem of covariability of harvests, hence
uted, which means that positive influences of nonsiskiness of using land as collateral in areas of risky
cropping income on productivity in turn will be poorly agriculture.
distributed. Here we focus on the influence of non-  Why is noncropping income important for these
cropping income on improved input use and conserfarm investments? In our case study contexts, in par-
vation investments. ticular Rwanda, Burkina Faso, and Senegal, formal rural
In general, noncropping income earned by ruratredit is lacking except in cotton schemes and, to a
households is important to increasing farm input usenore limited extent than formerly, in peanut schemes.
and hence cropping productivity and intensification.Informal credit markets are also very underdeveloped.
Reardon and Kelly (1989) show that noncropping in-‘Access to noncropping income therefore tends to be
come is important in Burkina Faso to the purchase afrucial to farm input purchase. Moreover, capital equip-
fertilizer where institutional credit is not available (in ment for soil conservation and water retention mea-
the noncotton areas such as the Sudanian zone). KeByres is often costly. Farmers usually find it impossible
(1988) found similar results for the Peanut Basin oto get credit to construct bunds and terraces, or buy
Senegal. Hoffman and Heidhues (1993) show for Benitied ridgers, wells, and carts. Reardon and Vosti (1993)
that noncropping income is treated as a substitute fargue that the nature of this conservation capital makes

Box 10. Farm Size and Input Productivity in Rwanda

The “smallest” quartile of farms in the study sample average 0.34 ha; “middle,” 0.83 ha; and “largest,”
2.38 ha. Despite its name, the “largest” tercile farms are still much smaller than farms in other agroecological
regions of Africa outside the tropical highlands.

Compared to the largest farms, the smallest farms: (1) have three times higher land-yields in value
terms; (2) use four times more labor per hectare; (3) have four times the number of plots per hectare
(hence the farms are more fragmented); (4) have farmed the holding for fewer years; (5) have plots clus-
tered closer to the domicile; (6) rent twice as much land (as a share of total farmland); (7) have soil that is
only slightly less eroded; (8) have twice as much soil conservation investment per hectare; (9) use the
same (tiny) amount of chemical fertilizer; and (10) have about the same share of land under “high valued
crops” (coffee and bananas).

That the smallest farms are at present no more eroded than the largest farms may be due to the farms
being newer and receiving more soil conservation investment. They are not, on average over the country,
husbanded more carefully in terms of receiving more soil amendments or having more of their area planted
to the land-protecting perennials, such as bananas and coffee. Nor do they have the option of fallowing as
much as larger farmers do. As these smallest farms age, one can expect in the long term for them to suffer
greater soil degradation—unless this is obviated by more use of soil amendments and more land under
perennials.

Regression results show a strong inverse relationship between farm size and the MVP of land, and a
positive relationship between farm size and the MVP of labor. Comparing the MVPs of land and labor to the
market wage and the land rental rate (as a proxy for the market price of land), respectively, we find that the
farmers in the smallest-farms tercile apply labor until the labor MVP is only a third of the market wage
compared to two-thirds for the largest farms. This implies a “bottling-up” of labor on the smallest farms,
with a lower opportunity cost of labor than that reflected in the farm labor market. This may be due to
constraints on access to that labor market as well as to nonagricultural employment opportunities. On the
smallest-tercile farms, the land MVP is much higher than the land rental rate, indicating constraints on
access to land. By contrast, for the largest farms, the land MVP and the rental rate come close to
equality.
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informal credit even harder to get than for traditionalsources of household income. As risk and desire to
investments such as animal traction equipment anihvest in the farm are inversely related, such diversifi-
fertilizer. Farmers and creditors may not perceive a clearation can increase incentive to invest.

immediate payoff to these investments. Hence, the risk  Fourth, however, within a given agroecological
of default may appear greater. Investments in capitaione, the poor have less access to noncropping income
goods require but also create loan collateral (e.g., andpportunities. Noncropping income tends to make up
mal traction equipment). This is usually not the cas& smaller share of total income for poor than for rich
with conservation investments (e.g., creditors canndbouseholds. Poor households are less able than rich
reclaim bunds). households to participate in high-return, noncropping
5.6.2. Our Findings activities. This is worrisome because unequal access

) o ) o ~to noncropping income translates into unequal access
First, noncropping income is an indirect determinant, ¢,y inputs in the face of limited credit access.
of productivity, as it can increase purchased input use

or capital investments where credit is unavailable of
costly to use, or where other sources of cash income.7. OUTPUT AND INPUT MARKETS
for loan repayment are lacking. The Burkina Faso case
study found that noncropping earnings are reinvested: 7-1. Background
into expensive animal traction packages in southerfirst, early studies (e.g., von Thunen, writing in 1830-
Burkina Faso where agroclimatic conditions are good40s) showed that markets and the proximity of cities
We also found that noncropping income is importantnfluence productivity in agriculture. The study by de
to peanut seed purchase in Senegal through providinanvry, Fafchamps, and Sadoulet (1991) shows that
cash at the end of the dry season to pay the down palyansaction costs (influenced by the efficiency of mar-
ment for peanut seed credit. In Rwanda, we find thatets) affect the marketed surplus rate; how well food
farmers who have more noncropping income are ablmarkets work also affects adoption of cash crops. A
to make conservation investments and buy fertilizer.market might be limited because of high transaction

Second, nevertheless, noncropping activities, eszosts caused by structural constraints such as bad
pecially in unfavorable agroclimates or where farmingroads, or inefficient marketing systems, or limited de-
conditions are otherwise poor, can compete with landnand for the product by local consumers or trading
improvementg® The compe-tition can be for labor in partners’!
the rainy season; for weeding, for plowing, or for  Second, a limited or poorly functioning market
maintenance of bunds and alley cropping systems. Itbottles up” supply in a local area. Rainfall fluctuations,
parts of Senegal we found that less productive farmiranslated into output fluctuations, create price insta-
ers sought income off-farm as a way of compensatility. The latter implies riskiness of investments in
ing for the poor farming conditions. This was also theproductivity-raising inputs. Our results (discussed
case in northern Burkina Faso. above) on fertilizer use in Burkina Faso and of soil

The results concerning possible competition beeonservation investments in Rwanda show that farm-
tween farm and off-farm activities should serve toers are sensitive to net profitability and price risk in
caution agricultural research institutions. At issue isnaking these decisions. Three things can reduce price
whether new farm technologies or soil conservatioriluctuation based on market limitations: (1) investments
investments are perceived as more profitable or lesslownstream” in grain processing to improve the de-
risky than investments in off-farm activities. If they mand prospects for the crop (thus reducing in the
are not, then new farm technologies that are profitablnger term riskiness of croppirtg) (2) investments
in absolute terms may still not be adopted because théy road and other market infrastructure; and (3) open-
do not generate as high returns to cash or labor asg regional and foreign markets through economic
noncropping activities. integration.

Third, noncropping activities smooth house-hold  Third, by contrast, farm productivity itself affects
income and help to reduce risk by diversifying themarket development potential directly via production
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linkages and indirectly via consumption linkages. Thémperfect information, or price volatility due to a thin
“growth linkages” literature (e.g., Mellor and Lele market).

1972) shows that increases in agricultural productiv-  Second, vertical integration and coordination func-
ity spur local economic growth through direct (pro-tions (input supply, credit, output marketing) were
duction) and indirect (consumption) linkages. assured effectively by parastatals for cotton (Senegal,

Our Senegal study shows that drops in peanuBurkina Faso), maize (Senegal), and coffee (Rwanda).
output reduce capacity utilization hence efficiency andsovernment marketing depots and loans in Zimbabwe
profitability of peanut processing plants. Reardon et alhelped spur adoption of hybrid maize and use of fertil-
(1994b) show that nonfarm activity in the Sahel isizer. The costs of these programs were high, however.
mainly in production-linkage activities upstream (sup-For example, higher consumer prices due to grain
plying inputs to farms) or downstream (using farmmovement controls in Zimbabwe forced the bulk of
outputs as inputs) in local areas. How well agriculturemarketed grain output into the state marketing chan-
performs affects local off-farm employment and gen-nels and onward into private large-scale milling, mak-
eral industrialization. ing grain more expensive to consumers.

Fourth, the off-farm component of the food sys-  Third, where farm conditions are poor, however,
tem affects productivity indirectly by affecting the food proximity to markets can diminish incentives to increase
price. On the one hand, food price influences profitagricultural productivity because the markets provide
ability of both the farm and non-farm sector: Ricardoalternative employment. This was the case in the middle
(early 1800s) noted that farm productivity affects theand northern zones of Senegal.
food price which in turn, working through the real wage
bill, affects non-agricultural profits and employment. 573

On the other hand, the efficiency of the market sys—Th ) . (i q ket be illustrated
tem affects how well the benefits of greater farm pro- € Importance ol improved markets can be fustrate

ductivity are distributed to consumers (and farmersf’y ourcase gtudy findings for Zl.mbabv've. Since |r.1de-
. . pendence, Zimbabwe has received widespread inter-
by affecting the food price the consumer faces.

Raising farm and market productivity means driV_national acclaim for the rapid growth in smallholder
ing real food prices down. Who gets access to nhaize production. However, structural decline in pro-

cheaper food depends in turn on the efficiency an((iiuctlon since 1985, associated with a contraction of

structure of the market system, as well as WhetheorubIIC sector support programs, has been largely un-

consumers have sufficient employment and incomer?_onced' These programs contributed to the dramatic

This suggests that a useful focus for research is ald6° " smallholder production during the early 1980s

on the efficiency of the whole food system, from thebut involved large treasury deficits. The adverse effects

input distribution system, to the farmer, through themc this production decline on urban food security ap-

market chain, to the consumer (Antle 1983). The cont e to have been to some extent mitigated by recent

o . .maize marketing reforms. The latter reduced distribu-
verse of our point is that, if improvements are made in

. tion and milling costs of staple maize meal availabl
farm-level productivity but are not passed on to the 9 P ble to

. o onsumers.
urban consumer because of inefficiencies or structurgl

e N ) The rise and fall of agricultural production in Zim-
rigidities “downstream,” benefits to the overalleconomyb bwe’ ihold i the 1980s h ,
are reduced. If “upstream” input distribution is ineffi- abwe's smafinoider sector over the s has mir-

cient, this forces input prices up and farm productiv—_rorecj an upsurge and then contracj‘tlon of ker public
) investments and expenditures to agriculture. Zimbabwe
ity down. e e . . .

has had difficulties in “scaling-up,” i.e., managing the
5.7.2. Our Findings transition from a well-organized public research and
First, well-functioning input and output markets helpmarket infrastructure system that fits the needs of a
farmers acquire and use productivity-increasing inputsew thousand commercial farmers under Southern

They reduce transactions costs and risks (e.g., fromhodesia to a system that meets the needs of over a mil-

Illustration from Zimbabwe
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lion smallholder households. This has clear implicationsubsidizing the price of maize meal manufactured by
for South Africa and other countries in the region. large urban millers. Under mounting pressure to cut
The impressive growth of Zimbabwe’s smallholderbudget deficits, these public investments in support of
maize production from 1980 to 1985 was due to siagricultural production were progressively cut after
major factors: (1) the ending of the war after indepen1985. Grain marketing board (GMB) buying stations
dence; (2) an increase in the use of hybrid maize seedssmallholder areas have been reduced. Even though
from about 40 percent in 1979 to 98 percent in 19820 additional grain buying depots have been established
(Kupfuma 1994); (3) an increase in state crop buyingince 1985, the number of rural collection points has
stations serving smallholder areas, from 5 in 1980 tdeclined from 135in 1985t0 42in 1989t0 9in 1991.
148 in 1985, thus reducing the costs and risks assodsMB real producer prices have also declined steadily,
ated with surplus maize production; (4) guaranteedbeing only 75 percent in 1991 of their 1985 level. State
state-set producer prices that were generally well aboweredit allocation to smallholders has also declined
export parity prices (but below import parity); (5) ansteadily since 1986. The amount of fertilizer that was
eight-fold increase in crop credit disbursed toavailable for purchase with government credit disbursed
smallholders between 1979 and 1986, which led téo smallholders was 44,000 metric tons in 1992 com-
greater fertilizer use and maize land-yields; and (6) apared with 148,000 tons in 1986. Declining input use,
associated response by private input suppliers to thong with relatively poor rainfall, may explain why
increased demand for farm inputs due to the aforemesmallholder maize land-yields, even in the relatively
tioned (Rohrbach 1989). productive Mashonaland provinces, have exceeded their
The stagnation of Zimbabwe’s smallholder revo-1985 level only once.
lution since the mid-1980s is due to three major fac- However, important distinctions between the two
tors. The most conspicuous is drought, which hasectors led to the financial unsustainability of simply
affected the country three times since 1985. Severdtcaling-up” a marketing apparatus for a small num-
structural factors have caused this decline in maizber of large farmers to meet the needs of almost a million
production. First, the improved hybrid seed varietiegeographically-dispersed smallholder families (Blackie
that stimulated smallholder productivity during 1980-1987). The large-scale farming areas were predomi-
85 are now almost universally adopted. A new set ofantly close to urban centers. The volume of sales per
technological improvements or management practicefarmer were larger, and the production units were geo-
is necessary to stimulate additional gains in productivgraphically concentrated and few in number. GMB
ity. The national agronomic and crop breeding researcimarketing costs were therefore low. By contrast, the
institute (DR&SS) received only 75 percent of theexpansion of state buying stations into the smallholder
budget it had in 1980/81 in real terms. The number ofreas forced the GMB to buy relatively small, variable
on-farm trials and sites by DR&SS has shrunk fromguantities of grain from a large number of geographi-
63 in 1987/88 to 31 in 1990/91 (Shumba 1990). Theally-dispersed farmers. Per unit marketing costs rose
public agricultural research system is having serioudramatically in this setting, although the government
staffing and budget problems (Eicher 1995). Thenormally chose not to raise the GMB'’s trading margin
slowed pro-ductivity of the public agricultural researchsufficient to cover these costs. This has been a major
system is also indicated by the continued use of hyimpetus for the GMB’s call for further contraction
brid seeds that were developed 15 to 20 years ago.unless the government agrees to underwrite its losses
Second, several important features of the 1980(Herald 1991).
85 production boom (expansion of state marketing in-  The experience with expanding crop credit to in-
frastructure and credit allocation, producer pricedividual smallholders farming in environments prone
above export parity) involved large and sustained treao frequent drought has resulted in high default rates
sury outlays. The maintenance of high maize prices t(Herald 1993). Credit allocation and the associated
sustain surplus production also put pressure on thdemand for farm inputs have failed to expand since the
government to cushion the impact on consumers bgnid-1980s.
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A rising share of state expenditure on agriculturedecreased to 5.5 percent. With the exception of 1989,
has been used to pay subsidies, in particular to cov@rhen marketing board losses were exceptionally low,
the operating deficits of marketing boards. In the latthe share of budget allocations to cover marketing board
ter half of the decade, over 40 percent of total agricullosses has been over 40 percent of total public expen-
ture expenditures from the State was absorbed hditures on agriculture during the latter half of the 1980s.
marketing board subsidies. For example, in 1986, state real terms government spending on agricultural re-
allocations for the entire agriculture budget was 8.Zearch, extension, veterinary services, and so on, had
percent of the total national budget. By 1990, this hadeclined by 25 percent from 1980 to 1990.
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6. Implications

Case study reports provide specific recommendations Third, crop research is crucial to the overall com-
per country. The general implications are as follows.petitiveness of agriculture, and to the profitability of
(1) Raising improved input use for sustainableproductivity-increasing inputs such as fertilizer and
intensification is crucial Given growing land con- animal traction.
straints and soil degradation, sustainable intensification ~Fourth, extension programs are needed to support
of farm production through use of improved inputs thatonservation investments (water retention, soil reten-
raise and sustain increases in land productivity is edion structures) that will facilitate sustained increases
sential. To get needed break-throughs in farm produdn productivity, especially in high-potential areas where
tivity, farm input use needs to rise substantially. Theapid intensification of agriculture is envisaged. In many
key inputs include chemical fertilizer, organic matter,cases this will require modest complementary infra-
animal traction, and conservation investments. structure such as culverts or wells to allow watering
Although the results are based on four case studf live wind-breaks, or trucks to haul laterite for con-
ies in rain fed areas of the semi-arid and highland tropstruction of bunds.
ics, and on review of selected recent farm productiv-  Fifth, noncropping microenterprise promotion pro-
ity studies in other countries of Africa, some specificgrams, popular in USAID and other donor missions
program suggestions emerge. now, are important for farm productivity both to sup-
First, we favor promoting chemical fertilizer use ply cash to farmers to buy farm inputs and to supply
especially in higher potential zones, in combination withinputs (such as animal traction equipment and repairs)
water or soil retention (conservation) measures antb farms. Microenterprises are also important to in-
organic matter application (the latter helped by animatrease the production-linkage and consumption-link-
traction programs). Measures to link access to improvedge multipliers from increases in farm output. Priority
inputs with adoption of soil conservation practicestypes of microenterprise promotion would in general
should be considered. In the long run, mixed farminge those involved in farm input provision, food pro-
(association of animal husbandry and cropping) will becessing and marketing, and spinoffs from cash crop-
crucial to supplying organic matter. Promotion of fod-ping.
der markets and research on fodder would support this. ~ Sixth, investments in transport and market infra-
Second, animal traction programs are worth prostructure are needed to reduce costs within the agri-
moting in areas of high agronomic potential where theultural system. Investments in transport and market
terrain is suitable (not too sloped). Animal traction pro-infrastructure, by reducing costs within the food sys-
grams have had success in some areas, especially whem, can also make it profitable for farmers to adopt
linked to cash cropping initiatives, but have sufferechew technologies or new crops that are consistent with
from inadequate research support and program conttonsumer preferences and willingness to pay. To this
nuity. In some countries, such as Senegal, in generand, a commodity sector perspective is needed to help
farmers in peanut and cotton areas use traction, bidentify important opportunities to raise productivity at
the equipment stock is aging and renewal programs atevels of the food system above the farm (e.g., in pro-
needed. In other countries, such as Burkina Faso, ariessing or marketing activities, or through policy
mal traction is not widespread partly because of dechange). Knowledge of consumer or export demand
mand-side constraints such as lack of working capiis also needed to guide development of new farm pro-
tal, which only some farmers have been able taluction technology.
overcome through noncropping activity and cash crop-  (2) Strategies to raise farm productivity will need
ping. to differ, however, between favorable and unfavor-able
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agroclimatic zonesWith proper conditions, increased put. Growth in off-farm employment opportunities in
productivity can be expected in the favorable (to cropfural areas is essential to achieving food security and
ping) zones. economic transformation in Africa.

Expectations for cropping intensification are more ~ Noncropping income can increase purchased in-
modest for the agroclimatically unfavorable (to crop-put use or capital investments (thereby increasing pro-
ping) and fragile zones, and attention will need to bealuctivity) where credit is unavailable or costly to use,
paid to alternative income sources off-farm in the lator where other sources of cash income for loan re-
ter zones. This will promote food security in the agropayment are lacking. Noncropping income can be es-
climatically unfavorable zones and increase effectivgecially important in facilitating conservation invest-
demand for agricultural products from favorable zonesments, for which credit is rarely available. Noncropping

(3) The environment and the farm productivity activities smooth household income and help reduce
agendas should be linkeinvironmental degradation risk by diversifying the sources of household income.
and pressure on marginal lands cannot be halted with- Agricultural growth in turn stimulates growth of
out raising farm-level productivity through sustainablethe noncropping sector, by increasing the demand for
intensification. Yet interventions to improve farm-level inputs such as animal traction equipment and repair
productivity must be accompanied by conservatiorservices, and by increasing the supply of crop and live-
investments. One cannot go far in conserving the sogtock products used as inputs for processing firms
without increasing land productivity through intensifi- (millers, leather workers, and so on). Agricultural
cation, e.g., by applying fertilizer and manure. Intensigrowth can also stimulate other rural noncropping firms
fication reduces the land area needed to achieve a giveince an important share of increments to farm income
output level. Intensification on land already under cultends to be spent on locally produced consumer goods.
tivation can reduce pressure to expand cultivation onto  Micro-enterprise promotion programs provide rural
fragile marginal lands and thus lead to more sustairemployment while reducing the cost of farm inputs and in-
able resource use. Soil conservation measures alsmasing the off-farm multipliers from farm output growth.
become more attractive when the production enter- The importance of income diversification to rural
prises they support are more profitable. One canndifrican households means that new cropping technol-
increase farm productivity without battling soil degra-ogy proposed for farmer adoption must not only be
dation with soil conservation measures (grass stripginancially and economically profitable, but also attrac-
anti-erosion ditches, bunds, hedgerows, terraces), sufive relative to alternative uses of household resources
ported by conservation extension and education.  (e.g., livestock and noncropping production).

African farmers can be “caught between a rock  Policymakers should be worried about equitable
and a hard place.” Structural adjustment, by makingccess to these income sources, however, since that
inputs such as fertilizer more expensive due to agriwill affect how equitably the benefits of productivity
cultural policy reform, may hamper the ability of poor improvements are distributed over time. We have noted
farmers to intensify production. Because of environthat in many areas of Africa, farmers have very un-
mental policy reform, the same farmers may be unequal access to noncropping income-earning activities,
able to compensate by expanding production into mawften because families are unable to make the neces-
ginal areas or by exploiting resources of the commonsary initial investments for lack of cash reserves or
Such contradictions often pass unperceived becausecess to credit to finance them. The same equity is-
the reforms are promoted by separate constituenciesie can arise concerning access to high-return cash
and monitored by different government agencies. cropping schemes.

(4) The off-farm employment and the farm pro-  (5) Cash cropping programs spur productivity
ductivity agendas should be linkéd many areas off- providing cash to buy improved inputs, and depending
farm income is a critical means to pay for farm inputshow they are organized, increasing access from the
and investments. Moreover, much of the growth ofsupply side to improved inputs and to low-risk output
noncropping activity is linked to growth of farm out- marketing opportunities.
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In sum, important synergies between programs  Second, raising average profitability without reduc-
raise African farm productivity, and programs promoteing price instability or income risk means that a major
noncropping enterprises, market development, anonpediment to the attractiveness of productivity invest-
natural resource conservation. Harnessing these syments remains. Risk and instability are a function of
ergies will allow national governments and donors taclimatic variation (especially in rain fed zones), high
get more for their money in terms of growth, foodtransaction costs, and other structural constraints that
security, and environmental protection. require infrastructural investment (e.g., irrigation, im-

Promotion of improved input use will need to beproved roads) to overcome.
innovative in order to be consistent with widespread  Third, farm investment can be profitable in an
fiscal constraints and the goals of structural adjustmenabsolute sense but not in a relative sense if noncropping
In the past in many cases governments have promoté@uvestment opportunities appear to be “better bets” to
input use in ways that were not economically soundrural households, or if noncropping activities are nec-
that in the long run were not fiscally sustainable. Yeessary in order to generate cash income. Households
the reduction of government programs and subsidiegill not want to adopt productivity- and conservation-
associated with structural adjustment appears to hawnhancing measures if the payback is not higher or
discouraged the use of modern inputs (improved seethster than alternatives off the farm. Because capital
fertilizer, animal traction), by raising cost and reduc-and labor may be tied up in noncropping activities, ei-
ing availability. ther in the rainy season or the dry season, agricultural

The upshot is that farm input costs must be reresearchers and environmentalists should not expect
duced without returning to fiscally unsustainable subfarm households to adopt natural resource management
sidies. We advocate a “middle path” between fiscallypractices and make conservation investments automati-
unsustainable government outlays and complete gowally. The profitability of such investments must be
ernment withdrawal from support to agriculture. Thisevaluated relative to the returns available from other farm
middle path implies substantial public and private in-and noncropping activities.
vestment in agricultural research, human capital, and Public investment should be such that it comple-
production and market infrastructures. ments and spurs private investment on-farm, in the input

Policy reform alone (exchange and interest ratelistribution system, and in primary product process-
policy, market liberalization, privatization), while im- ing. Governments and donors must invest in under-
portant, is not sufficient to spur higher agriculturalstanding how to promote teeonomiaise of the tools
productivity. Resource, technology, and market conef sustainable intensification (fertilizer, animal traction,
straints on agricultural growth must be tackled directlyorganic inputs, and soil conservation investments).
by allocating government and donor resources to over- Thus the debate should be reopened on identify-
coming them. Three potential dilemmas are associatadg cost-effective ways of increasing access to inputs,
with the use of policy reform. by improving the delivery of inputs and giving farmers

First, as with the “food price policy dilemma” de- the means to pay for them. This effort is especially ap-
scribed by Timmer (1994), increased prices (especiallpropriate in countries whose macroeconomic environ-
if they result from currency devaluation) can cut twoment has become more favorable through structural
ways by raising the price of output, especially exporadjustment. This should be a priority policy issue in
crops, but also by raising the price of key importedAfrica in the 1990s and beyond.
inputs such as fertilizer and animal traction equipment.  Improved food system performance will require
Devaluation could also encourage the export of animalgroductivity gains both at the farm level and at other
needed locally to generate manure. The result may Bevels of the system, such as processing and market-
that net profitability of key cash crops and productiv-ing. Which level of the food system is the highest pri-
ity investments does not necessarily rise with devaluerity for research and policy interventions will depend
ation. on circumstances in the commodity subsectors con-

cerned. The nature of consumer demand constitutes

31



an important parameter that determines what can ardévelopment of successful intensification technologies.
should be done to expand the volume of business withim some cases more secure land tenure is necessary
the subsector, as well as what this implies for the pdfor intensification investments to take place. In addi-
tential to expand farm-level production. tion, large farmers sometimes use land less efficiently

Land constraints are growing in many places irthan smaller farmers. Land policy will need to take that
Africa as a result of population pressure and the slownto account.
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Christensen (1989) finds that households with more
noncropping invest less in farm capital. Norman (1973)
found that noncropping activities in northern Nigeria
compete for labor in off-season cropping.

For example, Reardon (1993) shows that demand for course
grains in the Sahel is inelastic. Thus, even when a bumper
harvest occurs, and prices dip, consumers do not shiftin a
substantial way from imported cereals such as rice and
wheat toward millet/sorghum. This bids up the prices of
the latter. With poorly functioning markets or limited
demand, increases in production either through good rains
or increased productivity can translate into price risk and
big drops in crop profitability. The latter two can discourage
further crop productivity investment.

See Dibley, Boughton, and Reardon (1994) for example.

While part of this decline is due to reduced expected
throughput because of frequent drought and lower real
producer prices, it is evident that the collection point
program was financially inviabléderald 1991).
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